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ABSTRACT 


These  studies  complete  control  observations  in  Guinea  Pig  strain  13  in 
preparation  to  examine  microcirculatory  disturbances  in  Pichinde  virus  infection. 
Findings  are:  Using  lymph  flux  analysis  from  intestinal  mesenteric  lymphatics, 
protein  reflection  coefficient  is  .728  ±  .018  SEM,  and  permeability-surface  area 
product  is  3.21  ±  .29  jul/min/lOOg.  For  future  studies  involving  endothelial  mon¬ 
olayer  transport  from  infected  GP,  in  vitro  new  methods  demonstrate  1)  confluent 
endothelial  monolayers  can  be  assessed  functionally  from  fluorescence  intensity 
patterns  of  solutes  in  diffusion  chambers,  2)  cell  morphology  is  identical  to 
in  vivo  structure,  3)  restricted  diffusion  develops  after  three  days,  and  4) 
single  pore  fits  to  permeabilities  are  excellent.  Using  ethane  production  to 
mark  free  radical  production,  we  see  1)  it  is  independent  of  minute  ventilation, 
2)  is  nearly  exclusively  produced  in  lung,  3)  is  inhibited  by  superoxide  disrau- 
tase  and  catalase,  4)  is  tightly  coupled  to  dietary  iron,  and  5)  and  is  closely 
joined  to  microvascular  abnormalities  including  increased  filtration  coefficient 
and  lung  water.  New  intravital  microscopic  methods  including  infusion  of  latex 
beads,  have  demonstrated:  1)  stable  images  and  preparation  of  mesenteric  and 
hepatic  microvasculature  are  achieved,  2)  mesenteric  microvessels  normally  do 
not  leak  dextran,  3)  kinetics  of  Kupffer  cell  phagocytosis  are  measurable,  and 
4)  topical  tumor  necrosis  factor  results  in  dextran  leaks  and  blot  hemorrhages. 
This  may  be  important  in  the  splanchnic  pathogenesis  of  hemorrhagic  fever. 
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I.  Study  fa)  Characterization  of  permeability-surface  area  product  (PS)  and 
reflection  coefficient  (a)  of  intestinal  microcirculation. 

A.  Introduction 

It  has  been  thought  from  the  Korean  experience  (1,2)  to  quite  recently 
(3,4)  that  hemorrhagic  fevers  in  man  and  animals  are  very  likely  brought  about 
by  disruption  of  the  capillary  barrier  in  specified  locations.  However,  more 
recent  studies  by  Liu  and  colleagues  (5,6)  have  called  this  thesis  into  question 
and  suggest  that  perhaps  interstitial  fluid  accumulation  may  result  from  failure 
of  lymphatic  uptake  of  macranolecules.  It  therefore  is  an  open  question  whether 
permeability  is  increased,  and  it  remains  a  critical  issue  to  be  settled  if  one 
is  to  understand  the  mechanism  and  develop  rationales  for  future  definitive 
therapy  in  hemorrhagic  fevers. 

B.  Methods 

Lymphatic  cannulation  of  prenodal  lymphatics  is  a  well  described  method 
utilized  to  assess  permeability-surface  area  products  (PS)  and  reflection 
coefficients  (a)  of  a  tissue  in  which  there  is  net  filtration  by  capillaries 
either  in  a  normal  state  or  induced  by  partial  venous  occlusion  (for  reviews  and 
methods,  see  7,8,9) .  An  abbreviated  description  for  the  control  GP13  study  is 
as  follows: 

Thirty-eight  healthy  male  GP13s  obtained  from  either  ARI  (East  Bridge- 
water,  Massachusetts)  or  Crest  Caviary  (Raymond,  California)  weighing  643  ±20.6 
SIM  grams  were  anesthetized  with  40  mg/kg  sodium  pentobarbital  and  tracheoto- 
mized.  Thirteen  were  ventilated  mechanically,  but  results  did  not  alter  if  no 
ventilator  was  used.  Femoral  arterial  and  venous  catheters  were  placed  following 
which  a  200/x/kg  bolus  of  heparin  sodium  was  administered  iv  following  which  a 
variable  rate  (4-37.5  ml/hr)  iv  solution  of  Na  138  mEq/1,  K  8mEq/l,  HOOj  28 
mEg/1,  Cl  118  mEq/1  was  delivered  at  40 °C  throughout  the  study.  Heparin  was 
added  to  the  infusate  to  infuse  1/i/kg/minute.  The  animal's  rectal  temperature 
was  maintained  at  37.5°C  on  a  heating  board.  A  laparotomy  was  performed,  and 
a  polyethylene  cannula  8.5  an  long  with  an  id  of  .38  ram  was  tied  into  the  main 
mesenteric  lynphatic  in  the  distribution  of  the  superior  mesenteric  artery.  When 
lymph  was  seen  to  flew,  the  cannula  was  connected  to  larger  bore  PE  tubing  and 
the  end  placed  into  tared  microcentrifuge  tubes  coated  with  heparin  and  layered 
with  water  equilibrated  mineral  oil.  Lymph  flew  rates  were  computed  every  half 
hour  with  midpoint  arterial  sampling.  Proteins  were  measured  on  an  autoanalyzer 
using  the  biuret  method,  and  for  future  studies,  a  limited  number  of  samples  were 
subjected  to  protein  electrophoresis.  (These  shewed  a  fairly  uniform  lymph 
protein  distribution  for  albumin  52-54%,  al  10-11%,  a2  18-26%,  (3  9-13%,  y  3-4%) . 

Moist  umbilical  tape  was  looped  around  the  ported  vein  and  through  a  segment 
of  Tygon  tubing  to  allow  for  gentle  partial  and  graded  ligation  of  the  portal 
vein. 


Analysis  was  carried  out  by  the  nonlinear  crosspoint  method  described  and 
analyzed  previously  in  our  laboratory  (9) .  In  brief,  if  two  different  lymph 
flews  (L,  ,1k)  are  associated  with  two  different  lynph/plasma  protein  concen¬ 
tration  ratios  (R1  ,Rg) ,  we  may  write 
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PS  =  L,  (1-g)  =  Ig  (1-g) 

In  In  Eq  1] 
K,-(l-o)  Rz-C1-0) 

Since  the  middle  and  right  hand  terms  are  equal,  a  may  be  quickly  solved  by  an 
iterative  root  finding  routine  such  as  "QuickDraw  MoGraph"  on  SuperCalc  4.0 
Software.  Once  a  is  known,  then  PS  is  explicitly  calculated.  As  described  in 
reference  the  percent  of  successful  solutions  can  be  quite  small  owing  to  randan 
error.  Perfect  data  with  randan  error  superimposed  can  have  successful  cross- 
points  in  as  little  as  25%  of  paired  samples  (9) .  Discussion  of  errors  in  this 
method  which  has  been  referred  to  as  a  "quasi-steady  state"  method  reveals  it 
to  be  at  least  as  good  as  most  other  methods  of  data  analysis  (9,10) . 

C.  Results 

Twenty-seven  guinea  pigs  (75%)  of  the  group  had  successful  crosspoints 
for  total  proteins.  Fractionated  protein  a  and  PS  values  are  not  included 
because  the  electrophoresis  studies  are  not  yet  conpleted.  There  were  268 
possible  crosspoints  in  the  group  of  which  56  led  to  successful  computation 
(20.9%) ,  in  fairly  good  agreement  with  the  percent  successes  in  idealized  data 
(9) .  Fig  1  shews  the  histogram  for  the  a  values.  The  mean  was  .728  ±  .018  SUM 
with  a  mode  of  .85  to  .90  and  a  median  value  of  .740,  thus  showing  little 
skewness.  70%  of  the  values  were  within  one  SD  of  the  mean,  and  100%  were  within 
two.  Fig  2  shews  the  histogram  for  PS  which  had  a  mean  value  of  3.21  ±  .29  SEM 
Ml/min/100g  with  a  mode  from  1.5  to  2.5  and  a  median  of  2.76.  Seventy-seven 
percent  of  the  values  were  within  one  SD  from  the  mean  and  95%  were  within  two 
SD.  Positive  skewness  was  seen. 

D.  Discussion 

Control  guinea  pig  13s  show  a  total  protein  mesenteric  circulation  a 
of  .728  ±  .018  in  a  well  behaved  distribution  which  though  platykurtic  appears 
not  different  from  Gaussian,  although  a  bimodal  distribution  with  peaks  at  .60- 
.70  and  .85  cannot  be  ruled  out.  Protein  PS  values  shew  a  positively  skewed 
distribution  with  a  mean  of  3.21  ±  .29  ^l/min/100g  GP.  These  studies  are  among 
the  first  such  direct  determinations,  and  provide  the  data  base  against  which 
to  ccnpare  infected  GPs. 

II.  Study  (b)  Characterization  of  GP13  mesenteric  microcirculatory  module  with 
measurement  of  microvascular  blood  flow,  granulocyte  adherence,  and  mesenteric 
local  hemorrhage  in  Pichinde  infection. 

A.  Introduction 

Most  studies  of  hemorrhagic  fevers'  effects  on  tlie  microcirculation  are 
either  done  in  fixed  tissue  or  by  indirect  whole  organ  techniques  such  as  lynph 
flux  analysis.  Although  such  means  are  inportant,  they  do  not  address  the 
dynamics  of  capillary  effects  of  the  infection  at  the  level  of  the  single  capil¬ 
lary  or  venule  in  situ.  To  aooonplish  this,  intravital  microscopic  techniques 
are  required.  These  techniques  were  in  large  part  developed  at  the  University 
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of  Arizona  College  of  Medicine  Department  of  Fhysiology  (11)  and  are  operational 
in  the  Benjamin  W.  Zweifach  Micaxcirculation  Laboratories  of  the  Tucson  VA 
Medical  Center  under  the  direction  of  Dr.  Robert  S.  McCuskey,  Professor  and  Head, 
Department  of  Ana  tarry,  and  Professor  of  Fhysiology. 

B.  Methods 

GP13s  prepared  for  surgery  as  in  part  I  undergo  exteriorization  of  a 
loop  of  small  bcwel  whose  moistened  mesentery  is  wrapped  in  saran,  suffused  with 
Ringers,  and  transilluminated  on  a  stage  with  video  taping  and  either  online  or 
offline  mapping  of  the  mesenteric  module,  measurement  of  erythrocyte  velocity, 
and  examination  for  erythrocyte  and  dextran  leaks  and  granulocyte  adherence. 
Methods  have  been  discussed  in  detail  elsewhere  (12-15). 

In  brief,  optical  images  are  secured  using  40  x  or  80  x  water  immersion 
objectives  and  appropriate  oculars.  The  resulting  microscopic  images  are  tele¬ 
vised  using  a  high  sensitivity,  high  resolution  silicon  vidicon  camera  or  a 
silicon-intensified  target  vidicon  camera.  The  televised  images  are  recorded 
on  video  tape  for  subsequent  analysis. 

Measurement  of  vessel  diameter  and  blood  flow  is  made  either  online 
using  an  Instruments  for  Fhysiology  and  Medicine  (IFM,  San  Diego)  video-shearing 
monitor  and  and  IFM  dual  video  window  or  ocular  photodiodes  coupled  to  an  IFM 
cross-correlator  or  from  video  tapes  using  IFM  video  windows  and  a  computerized 
Bioquant  Morphometry  System. 

For  the  mesentery,  epi- fluorescence  of  FTTC-dextrans  of  different 
molecular  weights  (20-170  kD)  are  being  used  to  identify  changes  in  microvascular 
permeability  elicited  by  arenaviral  infection. 

The  quantitative  data  obtained  frcm  the  various  experiments  are 
evaluated  by  calculating  the  mean  values  for  each  animal,  means  ±  SEM  for  each 
group  and  subsequently  testing  for  significance  between  the  groups  using  the 
Student's  t-test.  Analysis  of  variance  is  used  when  comparing  two  groups  to 
control.  F*<0.05  will  be  considered  significant. 

Once  the  mesenteric  microvascular  physiology  during  infection  is 
defined,  a  variety  of  therapeutic  intervention  strategies  will  be  tested.  Ihe 
precise  therapies  to  be  tested  will  depend  upon  the  results  obtained  above.  It 
is  anticipated  that  they  will  include  inhibitors  of  the  synthesis  and/or  release 
of  prostaglandins,  thromboxane,  leukotrienes  and  cytokines  as  well  as  free 
radical  scavengers. 

C.  Results 

Since  Studies  (b)  and  (e)  utilize  the  same  methods  but  examine 
different  organ  systems,  the  results  are  discussed  together  under  Section  V  C. 

D.  Discussion 

For  reasons  cited  in  C.,  the  discussion  of  Studies  (b)  and  (e)  is 
condensed  into  Section  V  D. 
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III.  Study  ( c )  Quantitative  assessment  of  organ  involvement  by  plasma  leak  and 
hemorrhage  by  151Cr-red  blood  cells  and  125I-human  serum  albumin  leak. 

A.  Introduction 

Studies  (a)  and  (b)  examine  the  gut  and  mesenteric  targets  of  arena- 
virus  infection,  leaving  unaddressed  the  host  of  other  organs  which  probably 
are  targets  as  well.  It  is  know  that  as  Hemorrhagic  Fever  with  Renal  Syndrome 
advances  in  man  there  is  a  progression  of  involvement  in  a  variety  of  tissues 
( retroper i toneum ,  renal  medulla,  lung)  during  which  same  tissues  appear  to  heal 
as  others  become  involved  (1,2) .  No  quantitative  measure  of  this  march  throu^i 
the  various  microcirculatory  beds  has  yet  been  made,  and  such  a  quantitation  made 
during  various  stages  of  the  disease  would  be  useful  in  targeting  where  the 
significant  leaks  occur.  A  benefit  of  such  a  search  might  also  be  that  those 
organs  showing  the  greatest  leaks  might  subsequently  yield  endothelial  cells  for 
culture  in  which  transport  characteristics  in  vitro  may  be  accurately  measured 
during  various  stges  of  infection  and  therapy.  For  reasons  that  infected  GP 
studies  are  yet  to  begin,  no  results  from  the  leak  studies  exist,  and  results 
will  thus  be  presented  only  from  the  in  vitro  work. 

B.  Methods 

1.  Blood  Volume.  Strain  13  guinea  pigs  will  be  anesthetized  and 
jugular  arterial  and  venous  catheters  inserted.  Blood  volume  is  measured  using 
radioiodinated  (125I)  human  serum  albumin  (RIHSA,  Mallinckrodt,  1/iC/ml)  and 
51Cr-labelled  rat  red  blood  cells  (51Cr-RBC;  2/jC/ml)  using  methods  previously 
described  by  us  (16) .  The  amount  of  free  ^^I  has  been  determined  to  be  2% 
after  precipitation  of  the  12  5I  injectate  with  8M  trichloroacetic  acid.  In 
brief,  before  injection  of  radioactive  tracers  0.2  ml  of  blood  will  be  removed 
from  the  carotid  artery  for  baseline  measurements  of  radioactivity  and  hemato¬ 
crit.  The  isotopes  (0.2  ml  of  the  51Cr-RBC  and  0.25  ml  of  RIHSA)  will  be  rapidly 
injected  into  the  jugular  venous  catheter  followed  by  0.4  ml  of  saline.  After 
injection  of  isotopes,  0.2  ml  of  arterial  blood  is  removed  at  5-min  itervals  for 
30  minutes  after  clearing  the  dead  space  of  the  catheter.  Hematocrit  is  deter¬ 
mined  in  duplicate  and  0.1  ml  of  blood  is  added  to  2  ml  of  deionized  water  for 
radioactivity  counting.  The  Hct  value  is  multiplied  by  0.96  to  correct  for 
trapped  plasma  (17) .  Blood  volume  measurements  using  RIHSA  and  51Cr-RBC  isotopes 
are  based  upon  monoexponential  extrapolation  of  the  data  to  zero  time. 

2.  Transvascular  Escape  Rate.  Microvascular  permeability  to  albumin 
will  be  measured  using  the  transvascular  escape  rate  of  RIHSA  (18) .  Blood  RIHSA 
radioactivity,  corrected  for  unbound  radioactivity,  is  determined  at  5-minute 
intervals  for  30  minutes.  The  transvascular  escape  rate  is  calculated  from  the 
best  single  exponential  curve  fitting  of  these  data  points.  This  best  fit  is 
obtained  by  the  method  of  least  squares  or  a  log  disappearance  curve.  The  soft¬ 
ware  is  a  modification  of  SuperCalc  4 . 0  to  include  95%  confidence  limits  (MAK) . 


3.  Tissue  Permeability  Measurements.  The  intensity  of  permeability 
changes  in  each  tissue  to  RIHSA  and  51Cr— RBC  are  determined  using  a  technique 
similar  to  the  method  of  Fantone  et  al.  (19) .  After  injection  of  isotopes  at 
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0  time  for  blood  volume  determination,  virus-infected  and  control  animals  will 
be  observed  for  one  hour  without  further  blood  sampling.  Five  minutes  before 
sacrifice  .2  ml  of  99mTc  labeled  red  blood  cells  will  be  injected.  After  this 
interval  a  blood  sample  is  obtained,  and  the  animals  cure  sacrificed  with  intra¬ 
venous  saturated  KC1  (0.3  ml) .  The  heart  (including  the  thymus)  and  lungs  will 
be  rapidly  removed  followed  by  the  stomach,  small  and  large  intestines,  spleen, 
diaphragm,  kidneys,  liver,  brain  and  approximately  2g  of  hindlimb  muscle  that 
includes  the  rectus  femoris  and  the  vastus  muscle  group.  These  tissues  will  be 
gently  blotted,  weighed  and  the  radioactivity  of  each  sample  determined.  The 
tissue  permeability  index  (TPI)  will  be  calculated  for  both  RIHSA  and  51Cr-RBC 
for  the  venom  and  control  animals  as  follows: 

rj-rp-j-  _  125I  or  51Cr  emissions/min/g  tissue  weight 

Average  125j  or  51^  emissions/min/0.1  ml  of  blood 

The  125I  emissions/min  represent  the  total  125I  emissions/min  of  the  tissue  minus 
the  percent  51Cr  emissions/min  of  the  tissue  (average  18.5%)  that  are  counted 
at  the  12 5I  energy  level.  The  above  computation  is  adjusted  for  tissue  content 
of  99mTc  RBCs  which  are  assumed  to  remain  in  the  intravascular  space  over  a  five- 
minute  period. 


4.  Endothelial  Cell  Culture.  Endothelial  cells  were  isolated  as 
described  by  Ryan,  U.S.,  and  Maxwell,  G.  (20)  with  minor  modifications.  In 
brief,  bovine  aortas  and  pulmonary  arteries  from  year  old  heifers  were  isolated 
at  a  local  slaughterhouse ,  stored  in  Dulbeoco's  phosphate  buffered  saline  (PBS; 
per  liter  of  double  deionized  water  O.lg  CaCl2,  0.2g  KC1,  0.2g  KH2P04,  O.lg 
MgCl2.oH20,  8.0gNaCl,  and  2.16g  Na2HP04)  containing  IX  antibiotics  (penicillin, 
100  U/ml;  streptomycin,  100  /jg/ml;  gentamycin  50  /ig/ml)  and  3X  amphotericin  B 
(0.75  pig/ml) ,  and  transported  to  the  laboratory  within  30  minutes  after  collec¬ 
tion.  After  washing  with  PBS,  the  vessels  were  opened  under  laminar  flow  condi¬ 
tions  and  the  endothelial  cells  (EC)  removed  by  gently  scraping  the  intimal 
surface  with  a  #10  sterile  scalpel.  The  collected  cells  from  each  vessel  were 
incubated  (37 “C)  in  0.2%  collagenase  (collagenase,  CIS  2,  Worthington  Biochemi¬ 
cal  Co.,  Freedhold,  New  Jersey)  solution  in  Hanks'  balanced  salt  solution 
containing  Ca++  amd  Mg4-*-  (HBSS,  Gibco)  for  20  minutes  and  centrifuged  (5  min, 
500g) .  The  cell  pellet  was  mixed  with  cold  HBSS  without  divalent  cations  (HBSS 
free)  and  centrifuged  again.  This  pellet  was  vigorously  mixed  with  5  ml  of  M- 
199  growth  medium  (containing  20%  fetal  bovine  serum,  FBS;  Hyclone,  Sterile 
Systems,  Logan,  ITT)  to  break  up  cell  clumps,  plated  into  a  T-25  or  T-75  flasks 
(Costar)  and  incubated  at  37°C  in  5.6%  CC>2  for  four  hours.  After  this  interval 
the  unattached  cells  were  transferred  into  a  separate  flask  for  15-20  hours. 
Growth  medium  was  changed  every  two  days,  and  each  primary  culture  was  carefully 
evaluated  three-four  days  after  explant.  At  confluence,  EC  were  subcultured  1:3 
into  T-75  flasks  by  brief  (2  min)  exposure  to  trypsin  (0.05%)-EDIA  (0.02%,  Gibco) 
at  22 °C  followed  by  the  addition  of  growth  media.  All  EC  cultures  were  used 
before  their  fourth  passage. 

The  homogeneity  of  each  EC  culture  was  determined  primarily  by  cell 
morphology.  EC  monolayers  with  a  coblestone  appearance  were  tested  for  uptake 
of  the  fluorescent  tracer  1,1'  -dioctadecyl-3 ,3,3*3*  -tetramethyl  indocarbocyanine 
perchlorate  labeled  acetylated  low  density  lipoprotein  ( DIL-acety lated  LDL, 
Biomedical  Technologies,  Inc. ,  Stoughton,  MA)  by  the  fluorescence  microscopic 
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technique  of  Yoyta  et  al.  (21).  In  certain  instances,  detection  of  this 
internalized  probe  with  a  FACS  tar  fluorescence-activated  cell  sorter  (Becton- 
Dickinson)  was  used  to  separate  ECs  from  contaminating  cell  types.  ECs  were 
also  tested  for  the  presence  of  factor  VIII  antigen.  Sheep  anti-human  factor 
VIII  related  antigen  polyclonal  antibodies  and  rabbit  anti-sheep  IgG  tetramethyl 
rhodamine  isothiocyanate  conjugate  were  purchased  frcxu  Atlantic  Antibodies 
(Scarborough,  ME) . 

5.  Monolayer  Preparation.  Transwell  inserts  (TW,  0.4/x  pore  diameter, 
polycarbonante  membrane  suports,  6.5mm  diameter  surface,  Costar,  Cambridge,  MA) 
were  treated  with  gelatin  (Bacto  gelatin,  Difco  Laboratories,  Detroit,  MI)  as 
described  by  Postlewaite  et  al.  (22) .  In  brief,  sterile  TW  inserts  were  heated 
in  a  gelatin  solution  (5  mg/1  of  H2O)  to  95  °C  for  one  hour  in  a  covered  sterile 
beaker.  Each  TW  was  dried  under  laminar  flew  conditions,  added  to  a  2 4 -well 
plate  and  heated  to  85°C  for  an  additional  hour.  Human  fibronectin  (25  Mg/ml, 
50  fi  1/TW,  Collaborative  Research)  was  incubated  in  gelatin-coated  TWs  for  30 
minutes  immediately  prior  to  the  addition  of  cells.  Cell  cultures  were  rinsed 
with  HBSS  free  (5  times)  and  exposed  to  trypsin-EDTA  (1-2  ml)  for  3-4  minutes. 
After  cell  detachment  1-2  ml  of  M-199  with  20%  FBS  was  added,  the  suspension 
vigorously  pipeted  to  break  up  cell  clumps  and  a  cell  count  performed  with  the 
aid  of  a  hemacytometer.  The  fibronectin  solution  was  removed  and  an  EC  sus¬ 
pension  (0.5-1  X  106  EC/ml)  was  added  at  supraconf luent  (3-4  x  105  cells/cm2) 
density.  After  two-four  hours  the  media  and  unattached  cells  were  removed  and 
replaced  with  fresh  M-199  containing  10%  PCS.  This  solution  was  changed  every 
two  days  and  the  monolayers  used  at  the  indicated  time  intervals.  Our  filter 
surface  area  for  exchange  (0.33  cm2)  was  15  times  smaller  than  that  used  by 
Albelda  et  al.  (23) .  This  small  exchange  area  was  selected  to  limit  the  number 
of  cells  needed  for  complete  monolayer  formation.  No  difference  in  monolayer 
formation  was  detected  when  filters  were  coated  with  gelatin  and  fibronectin  or 
either  material  alone. 

6.  Macromolecular  Probes-Analytical  Methodology.  Fluorescein  isothio- 
cyanate-labeled  hydroxyethyl  starch  (FITC-HES)  macrcmolecules  have  been  developed 
by  us  as  pretoes  of  solute  exchange  (24) .  The  wide  range  of  hydrodynamic  radii 
(>100— <16) ,  globular  shape,  acidic  isoelectric  point  (pl=4.6)  and  the  constant 
substitution  ratio  of  FITC  to  the  HES  macrcmolecules  regardless  of  size  have 
prompted  the  use  of  these  pretoes  to  measure  size-selective  solute  transport. 
FITC-HES  pretoes  were  size  separated  on  a  calibrated  high-performance  size- 
exclusion  FW  4000  column  (Toyo  Soda  Manufacturing  Co. ,  LTD,  Tokyo,  Japan)  using 
chromatographic  (HPSEC)  technique  and  quantitated  using  a  fluorescene  spectro- 
phometric-IEM  PC  computer  detection  system  (24) .  The  advantages  of  this  system 
in  contrast  to  that  recently  reported  by  Albelda  et  al.  (23)  are  as  follows: 
1)  25  ill  sample  volume  vs  2  ml;  2)  ten  minutes  vs  one  day  analysis  time  per 
sample;  3)  muiltiple  (3000)  analyses  without  change  in  the  HPSE  column  cali¬ 
brations  vs  10-20  on  Sephacryl  S-300  columns;  4)  computerized  "online"  concen¬ 
tration  curves  vs  radiodetection  of  individual  column  fractions.  The  current 
technique  permits  the  comparison  of  six  concentration  curves  within  one  hour  and 
muiltiple  size-selective  permeability  coefficient  curves  (3-5)  are  determined 
on  each  monolayer. 

7.  Permeability  Determinations .  The  Transwell  (TW,  Costar)  insert 
that  fits  within  a  chamber  of  a  24-well  plate  has  been  adapted  for  the  diffusion 
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studies  described  herein.  We  performed  permeability  measurements  across  6-12 
monolayer  preparations  per  experiment.  The  top  (source)  chamber  is  separated 
from  the  bottom  (receiving)  chamber  by  a  gelatin/ fibronectin  coated  0.4  /zm  PC 
membrane,  covered  by  an  endothelial  monolayer.  Permeability  determinations  were 
performed  by  the  addition  of  100  Ml  of  FITC-HES  (3  mg/ml),  RITC-DEX  (rhodamine 
isothiocyanate  dextran)  (20  mg/ml)  or  MDPF-(2-methoxy-2,4-diphenyl-3-(2H)- 
furanone  albumin  (15  mg/ml)  all  in  M-199  to  the  top  chamber  and  600  nl  of  the 
same  media  to  the  bottom  chamber.  After  a  30-minute  equilibration  period  at 
37 “C,  the  media  inside  the  top  well  was  replaced  with  37 °C  media  containing 
tracer.  Each  bottom  well  was  mixed  (withdrawal  and  immediate  return  of  200  /il 
aliquot  of  media  three  times)  prior  to  removal  of  30  til  sample.  Samples  from 
the  bottom  chamber  were  removed  at  0.5-hour  intervals  for  two  or  three  hours  and 
similar  samples  were  obtained  from  the  top  well  at  two  and/or  three  hours.  In 
this  manner,  three  to  five  size-selective  permeability  coefficients  can  be 
determined  for  each  monolayer  preparation.  All  permeability  experiments  showed 
a  substantial  macrcmolecular  concentration  gradient  across  each  monolayer  at  the 
end  of  a  two  to  three  hour  experiment. 

8.  Diffusion,  Permeability,  and  Pore  Modeling.  The  equations 
described  below  to  determine  the  size-selective  permeability  coefficients  were 
used  to  test  for  restricted  diffusion  and  pore  modeling. 

The  formulas  are  based  upon  Fick's  First  Law  of  Diffusion  where 


Js  =  -D*f *A  dC 
~dx 


Eq  2] 


in  which  D  is  diffusivity  in  the  biologic  or  support  layer,  A  is  the  total  area 
of  the  layer,  f  is  the  fraction  of  A  which  is  open  for  solute  movement  and  dC/dx 
is  the  concentration  gradient  at  a  point  x  along  the  interface  between  the  two 
bulk  phases.  If  Vr  and  Vs  are  the  receiving  and  source  chamber  volumes  respec¬ 
tively  and  Cf-j-  and  are  similarly  designated  concentrations  at  time  t,  Js  = 
Vr  (dCtr/ds)  can  be  substituted  into  the  above  equation  to  yield 


Vr*dCtr  _  DfA  (Cfcg  -  Cfcj-) 
dt  AX 


Eq  3] 


Cs  is  calculated  at  times  other  than  t=0  by  the  mass  balance  relationship  that 


c0s’vs  =  Cts*Vs  +  ^tr*Vr 


Eq  4] 


Finally,  since  by  definition, 


P*A  =  D*f  *A 


Eq  5] 


AX 

equations  4  and  5  are  substituted  into  Eq  3  which  after  integration  between  tl 
and  t2  and  Ct-^r  and  Cj-2r  yields  the  results  for  permeability 
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P  = 


In 


A  • 


Cos  "  Ctir  (1+Vr/Vs) 
.Cos  "  Ct2r  (1+Vr/Vs). 
(1/Vr  +  1/VS)  •  (t2-t!) 


Eq  6] 


For  each  experiment  P  is  computed  for  each  molecular  size  at  0.5,  1,  1.5  and  2 
hours  with  the  results  meaned.  The  V  terms  are  changed  through  sampling  at  the 
end  of  each  time  period.  There  are  no  trends  in  P  measurement  over  time. 


To  compute  the  permeability  of  the  cell  layer  alone,  Pc,  from  the  total 
permeability  (Pt)  which  is  made  up  of  contributions  from  the  cells  and  the 
membrane  support  plus  unstirred  layer  (Ps+usl) ,  we  measured  Ps+usl  in  support 
material  by  equation  6  and  computed  Pc  from  Pt  and  Ps+usl  through  the  series 
conductance  formula: 


_  Ps+usl  •  Pt 
Ps+usl  -  Pt 

a.  Testing  Pc  for  restricted  diffusion. 


Eg  7] 


Restricted  diffusion  is  the  property  of  a  barrier  to  descrimi- 
nate  molecules  by  size.  This  property  is  thought  to  characterize  the  endothelial 
portion  of  the  capillary  barrier.  The  operational  demonstration  has  its  roots 
in  Eq  5  which  we  divide  by  A  to  obtain 


P  =  D  *  f  or  00  *  f s  Eq  8] 
AX  AX 

where  D  and  f  are  the  apparent  diffusivity  of  the  solute  in  the  layer  and  f  is 
the  open  area  to  total  area  ratio.  Dq  and  fs  represent  the  free  diffusivity  of 
solute  and  fs  (<f)  the  open  area  ratio  for  the  sterically  hindered  solute. 
Dividing  the  above  equation  by  Dq  yields 


P/Do  =  sometimes  written  as  As  Eq  9] 

AX  A  A  x 

where  As  is  the  channel  area  available  for  movement  of  solute.  This  may  be 
rewritten 

Eq  10] 

where  Ap/(AAx)  is  a  fixed  characteristic  of  the  barrier  in  which  Ap/A  is  the 
fraction  of  total  area  open  for  point  solute  or  water  transport,  Ax  is  mean  path 
length.  As/Ap  is  the  area  available  for  solute  relative  to  the  open  area  for 
point  solute  or  water.  The  term  As/Ap  determines  the  presence  or  absence  of 
restricted  diffusion.  As  molecular  size  increases,  if  RD  is  present,  As/Ap 
should  decrease.  Thus  for  any  membrane  where  (Ap/(AAx) )  is  constant,  a  decrease 
in  As/Ap  with  molecular  radius,  ag,  is  detected  by  a  correspondning  decrease  in 
P/Dq  where  P  is  measured  by  Eq  6,  and  Dq  is  ccmputed  by  the  Stokes-Einstein 
equation 


P/Do  = 

A  Ax  Ap 
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Dq  =  k  T/(67rnaE)  Eq  11] 

where  k  is  the  Boltzmann  constant,  T  is  absolute  temperature,  n  is  liquid  vis¬ 
cosity  at  T,  and  aE  is  the  known  molecular  radius. 

Hence,  a  plot  of  P/Dq  vs  aE  shews  higher  values  as  aE  decreases 
when  restricted  diffusion  occurs.  Any  other  pattern  cannot  be  used  to  argue 
for  restricted  diffusion. 

b.  Pore  modeling  of  transport  pathways  once  the  diagnosis  of 
restricted  diffusion  is  made. 

If  P/Do  vs  aE  shews  an  inverse  relationship,  diagnostic  of 
restricted  diffusion,  it  is  possible  to  make  attempts  to  fit  transport  to  a  right 
circular  cylindrical  pore  fit,  to  a  slit  model,  to  multiple  pores  or  slits,  or 
to  other  models  of  channel  geometry  such  as  a  fiber-matrix  model.  In  this  study 
we  attempted  to  fit  the  restricted  diffusion  positive  cell  layers  to  pore  or  slit 
models. 


For  a  pore  model,  As/Ap  has  a  volume  steric  exclusion  term  and  a 
center  line  velocity  convective  term  (7,25)  such  that  if  r  is  the  pore  radius 
and  a  =  aj/r,  then 

P  =  Dq  •  ^  •  ( 1-0:) 2  ( 1-2 . 1044ce+2 . 089a3-0 . 948a5)  Eq  12] 
AAx 

For  a  slit  of  width  =  2w  and  a  -  ag/w,  the  relationship  from  Curry  (26)  is 

P  =  Dq  •  ^  •  (1-a)  (1-1. 0442dri-0.418a3+0.210a4-0. 1696a5)  Eq  13] 
Aax 

Thus,  if  P  is  measured,  Dq  is  determined  and  P/Dq  shews  an  inverse  relationship 
to  molecular  radius,  it  may  be  possible  by  utilizing  least  squares  minimization 
fits  to  Eq  12  or  13  to  determine  a  best  fit  r  or  w  and  Ap/  (Aax)  for  monolayers 
and  seek  to  determine  whether  there  are  anatomic  correlates  for  r  or  w  and  their 
corresponding  values  of  Ap/  (Aax)  which  for  pores  is  (pore  number  x  7TT2/  (Aax)  )  and 
for  slits  is  (2w  x  slit  length/ (AAx) ) . 

9.  Scanning  and  Transmission  Electron  Microscopy.  At  the  end  of  each 
experiment  the  tracer  was  removed,  the  TW  was  washed  with  HBSS  and  the  TW  fixed 
with  1/2  strength  Kamovsky's  fixative  for  30  minutes  at  4°C.  Post-fixation 
was  accomplished  with  2%  osmium  tetroxide  for  scanning  and  transmission  electron 
microscopy  (EM)  using  techniques  similar  to  those  previously  described  (27) . 
Endothelial  monolayers  were,  alternatively,  fixed  with  0.1%  ruthenium  red  in 
cacodylate/saline  buffered  1.1%  osmium  tetroxide.  Scanning  EM  data  were  used 
to  assess  the  percent  coverage  of  each  endothelial  cell  monolayer  over  the 
treated  polycarbonate  membrane.  Transmission  EM  was  used  to  determine  the 
morphology  of  the  endothelium  as  well  as  the  presence  of  extracellular  matrix. 

Monolayers  that  displayed  characteristic  FITC-HES  distribution  profiles 
in  the  bottom  well  for  confluent  monolayers  were  selected.  (This  is  discussed 
under  Results,  Permeability  Studies,  Fig  6  below.)  Surface  area  of  endothelial 
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cells  as  well  as  the  area  not  covered  by  cells  was  determined  by  morphometry  on 
ten  representative  scanning  EM  pictures  with  the  aid  of  a  Bioquant  system 
(Memphis,  IN) . 


10.  Statistical  Analysis.  All  data  are  shown  as  the  mean  ±  SEM.  Hie 
2P<.05  level  was  selected  for  statistical  significance.  A  paired  Student's  t- 
test  (Hewlett-Packard  41CV  Stat  Pack)  was  used  to  compare  each  test  interval 
from  baseline  values  for  selected  measurements  (28) .  For  the  relationship  of 
aged  cultures  to  the  presence  or  absence  restricted  diffusion,  the  Fisher  Exact 
Probability  Test  was  done.  Pore  and  slit  width  computations  were  carried  out 
by  curve  fitting  routines  of  P  values  vs  ag  using  Equations  12  and  13  above 
employing  Datafit  M3. 01,  Mmorroware,  Dynaccmp,  Austin,  TX. 

C.  Results 

Blood  volume,  transvascular  escape  rate  and  tissue  permeabilities. 
No  experiments  will  be  performed  until  virus  infected  animals  are  available. 
However,  all  labortatory  equipment  and  safety  provisions  are  in  effect. 

Permeability  determinations  across  endothelial  monolayers 

Morphology  of  the  Monolayer 

Scanning  electron  microscopic  analysis  of  endothelial  cell  monolayers 
exposed  to  FTTC-HES  frequently  shewed  what  appeared  to  be  a  confluent  layer  of 
cells.  Although  the  aveage  area  covered  by  each  cell  was  292  ±  16/i2  with  a  range 
of  240-350/x2  (Fig  3A) ,  small  non-confluent  interendothel ial  areas  (37  ±  5 ji2)  that 
occurred  over  0.6  ±  0.1%  of  confluent  monolayers  were  seen  (Fig  3B) .  Other 
monolayer  preparations  shewed  a  range  of  uncovered  areas  up  to  massive  (2500  ± 
2000 /x2)  holes  between  cells  that  occurred  in  >5%  of  the  filter  support  (data  not 
shewn) .  Uniform  cell  attachment  during  monolayer  preparation  appeared  to  be  a 
major  factor  that  led  to  large  gap  formation. 

Transmission  electron  microscopy  of  the  endothelial  monolayer  fre¬ 
quently  revealed  the  appearance  of  a  continuous  layer  of  endothelial  cells  (Fig 
4A) .  Endothelial  projections  and  caveolae  that  have  been  shewn  to  be  unique 
ultrastructural  features  of  pulmonary  artery  endothelium  (29)  were  seen  on  the 
endothelial  surface  (Fig  4A,  4B) .  Although  small  gaps  between  endothelial  cells 
were  seen  (Fig  4B) ,  a  variety  of  cell-to-cell  contacts  were  also  noted  (Fig 
4C,4D,5A,5B) .  Monolayers  treated  with  ruthenium  red  shewed  electron  dense  sites 
on  the  surface  of  the  cell  membrane  and  caveolae  that  did  not  appear  to  extend 
through  the  interendothel  ial  cleft  (Fig  4B,4C,4D) .  Other  junctions  that  allowed 
ruthenium  red  to  penetrate  through  the  junction  into  the  subendothelial  space 
were  also  seen  (Fig  5A) .  In  some  instances  endothelial  cells  formed  thin  cyto¬ 
plasmic  extensions  with  the  appearance  of  tight  junctions  within  circuitous 
interendothel  ial  cell  junctions  (5B) .  When  monolayers  were  grown  on  filter 
supports  for  greater  than  7  days,  double  cell  layers  ("sprouting")  were  observed. 
Although  extracellular  matrix  was  noted  under  most  endothelial  cells,  triton  X- 
100  treatment  of  these  monolayers  shewed  many  lipid  extracted  cells  attached  to 
the  filter.  Free  extracellular  matrix  was  rarely  observed  without  cell  debris, 
and  some  filter  areas  did  not  shew  either  cells  or  extracellular  matrix  (data 
not  shewn) . 
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Permeability  Studies 

FITC-HES  charter  concentration  profiles  predict  monolayer  confluency 

Multiple  (3-4)  FITC-HES  size-selective  permeability  coefficient  (Ps) 
determinations  were  made  across  each  monolayer.  No  predictable  trend  in  the 
multiple  size-selective  Ps  was  noted  over  the  two-three-hour  duration  of  each 
experiment.  Marked  variations  in  size-selective  Ps  between  separate  monolayer 
preparation  experiments  that  ranged  by  one  order  of  magnitude  were  observed. 
In  contrast,  size-selective  Ps  across  other  monolayer  preparation  experiments 
shewed  nearly  identical  results.  The  variability  of  monolayer  permeability 
prompted  the  development  of  a  functional  assay  of  monolayer  confluence.  Ibis 
assay  used  the  size-selective  FITC-HES  concentration  profile  of  molecules  that 
exchanged  across  each  monolayer  at  one  hour  after  exposure  to  this  tracer  (Fig 
6) .  Curve  type  1  was  associated  with  a  nearly  confluent  monolayer  (focal  holes 
that  represented  <1%  of  the  filter  surface  area) .  The  slow  rise  in  fluorescence 
intensity  (FI)  of  this  curve  between  100  to  22  A  molecular  radii  reflects  a 
"functionally"  confluent  monolayer.  In  contrast,  curve  type  2  that  showed  a 
substantial  early  high  molecular  radii  peak  in  fluorescence  intensity.  Ibis 
chromatogram  was  associated  with  a  large  filter  area  not  covered  by  cells  (>5%) . 
Thus,  the  FI  of  the  largest  FITC-HES  macromolecules  (first  chromatographic  peak) 
relative  to  the  FI  of  the  final  peak  predicted  the  "functional"  confluence  of 
separate  monolayer  preparations  prior  to  the  completion  of  each  experiment. 

Fig  7  depicts  the  size-selected  FITC-HES  permeability  coefficient  (Ps) 
for  gelatin/ f ibronect in  coated  0.4/1  pore  filters  as  well  as  endothelial  monolayer 
covered  filters  cultured  for  different  periods  of  time.  Significant  size-selec¬ 
tive  resistance  to  the  exchange  of  FITC-HES  across  filters  seeded  with  endothel¬ 
ial  cells  was  observed.  No  trend,  however,  toward  reduced  size-selective  Ps  was 
seen  with  the  duration  of  culture.  The  least  permeable  of  the  ten-day-old  mono- 
layers  shewed  higher  Ps  than  the  least  permeable  of  the  three-day-old  monolayers . 
Although  all  monolayers  tested  at  day  ten  shewed  nearly  identical  Ps,  marked  var¬ 
iability  was  noted  in  Ps  for  the  other  groups.  Such  data  suggest  that  the  qual¬ 
ity  of  cell  attachment  at  the  time  of  endothelial  cell  seeding  of  each  filter 
is  a  major  determinant  of  uniform  monolayer  formation. 

A  representative  experiment  of  the  size-selective  Ps  for  FITC-HES 
across  four-day-old  bovine  aortic  endothelial  (BAEC)  and  epithelial  (LLC-HC^) 
monolayers  is  depicted  in  Fig  8.  As  expected  Ps  for  the  epithelial  monolayer 
were  below  those  of  endothelial  monolayer,  Hewever,  the  curves  associated  with 
each  monolayer  were  strickingly  different.  P  for  the  small  (16  A)  FITC-HES  probe 
was  restricted  to  a  greater  extent  than  the  P  for  the  largest  (>100  A)  FITC-HES 
probe  by  epithelial  in  comparison  to  endothelial  monolayers.  For  example,  P  for 
the  small  probe  was  reduced  by  nearly  500%  whereas  P  for  the  the  largest  probe 
declined  by  45%.  Since  these  data  are  similar  to  those  described  by  Albelda  et 
al.  (23) ,  they  support  the  view  that  decreased  monolayer  permeability  is  associ¬ 
ated  with  a  shift  in  the  size-selectivity  toward  much  lower  Ps  for  the  small 
probes. 


The  size-selective  Ps  of  the  negatively  charged  FITC-HES  and  MDPF-BSA 
in  comparison  to  neutral  RITC-DEX  probes  across  six-day  post-primary  passaged 
endothelial  cells  are  shewn  in  Fig  9.  Ps  for  the  MDPF-BSA  and  FITC-HES  probes 
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were  not  significantly  different  at  35  A  (3.48  ±  0.33  to  3.70  ±  0.28,  P>.05  = 
not  significant) .  In  contrast,  P  for  RITC-DEX  at  this  size  was  significantly 
belcw  these  values  (1.31  ±  0.41,  P<.  05) .  In  addition,  the  smaller  RITC-DEX 
macramolecules  (<50  A)  were  significantly  below  those  of  similarly  sized  FITC¬ 
HES.  These  data  shew  that  FITC-HES  and  MDPF-BSA  molecules  below  50  A  appeared 
to  permeate  endothelial  monolayers  more  than  neutral  dextrans  of  similar  size. 

We  tested  whether  endothelial  monolayers  shewed  evidence  of  restricted 
diffusion  (RD)  by  dividing  the  FITC-HES  size-selected  Ps  corrected  for  unstirred 
layer  and  the  resistance  of  the  filter  by  their  free  diffusion  coefficients  (Dq) 
for  each  molecular  size  (Fig  10) .  Restricted  diffusion  was  found  in  four  of  18 
three-day  endothelial  cultures,  three  of  three  at  ten  days  and  four  of  four  at 
17  days.  P/Dg  values  for  endothelial  monolayers  that  showed  RD  were  signifi¬ 
cantly  (Pc.001)  above  those  endothelial  and  epithelial  monolayers  that  did  not 
show  this  effect.  Our  "best  fit"  pore  model  of  each  monolayer  size-selective 
permeability  coefficient  curves  that  showed  restricted  diffusion  was  determined 
by  empirically  adjusting  our  estimates  of  pore  radius  and  pore  area/  (path  length- 
total  area)  ratio.  A  variety  of  "best"  pore  fits  were  obtained  that  ranged 
between  228  and  996  A  with  a  curve  mean  of  424  and  a  median  of  361  (Fig  11) . 
For  11  monolayers  shewing  restricted  diffusion,  the  mean  r  was  445  ±  64  A  and 
the  mean  Ap/(AAx)  was  37.0  ±  6.5  cm*1  with  a  mean  R?  of  0.957  ±  .008.  Fits  to  a 
slit  model  were  just  as  good  with  the  half  slit  width  equal  to  about  half  the 
r.  The  large  SEM  for  the  r  fits  indicates  the  insensitivity  of  the  model  r  to 
the  data.  This  is  expected  once  the  pore  diameter  exceeds  a  large  enough  portion 
of  the  mean  solute  radius.  Of  course,  pore  fits  (or  any  other  geometric  fit) 
to  either  the  endothelial  monolayer  size-selective  curves  that  did  not  show 
restricted  diffusion  or  to  the  epithelial  monolayer  P  curves  were  not  possible. 

D.  Discussion 

We  studied  the  size-  and  charge-selective  permeability  characteristics 
of  early  passaged  (<3)  cultured  bovine  aortic  and  pulmonary  artery  endothelial 
cell  (EC)  monolayers  using  the  anionic  tracers,  fluorescein  isothiocyanate- 
hydroxyethyl  starch  (FITC-HES),  and  2-methoxy-2 , 4 -diphenyl-3 (2H) furanone-bovine 
serum  albumin  (MDPF-BSA)  in  comparison  with  a  more  neutral  probe,  rhodamine 
isothiocyanate  dextran  T-500  (RITC-DEX) .  EC  monolayers  (1.2x10s  ECs/Transwell , 
Costar)  were  prepared  on  gelatin/fibronectin  treated  0.4 (jl  pore  polycarbonate 
filters  and  permeability  measurements  were  performed  at  3,  6,  10,  17  and  20  days 
after  seeding.  Sustantial  variations  in  permeability  coefficients  (Ps)  were 
noted  for  many  endothelial  monolayer  preparations .  Concentration  profiles  of 
FITC-HES  probes  across  the  endothelial  barrier  were  used  to  detect  functionally 
confluent  monolayers  prior  to  the  end  of  each  experiment.  Confluent  monolayers 
shewed  low  MDPF-BSA  and  FITC-HES  Ps  that  were  similar  to  those  previously 
reported  for  radiolabeled  BSA.  These  monolayers,  however,  shewed  focal  holes 
(37  ±  5/i2;  x  ±  SEM)  not  covered  by  endothelial  cells  that  represented  <1%  of  the 
exchange  area.  We  calculated,  however,  that  this  "short-circuit"  pathway 
accounted  for  <3  percent  of  all  macronolecular  exchange.  Monolayers  cultured 
on  their  filter  support  for  >7  days  were  more  than  permeable  than  young  (<7  days) 
endothelial  (Pc.001)  as  well  as  all  epithelial  monolayers.  Similarly,  the  older 
(>7  days)  more  permeable  endothelial  monolayers  shewed  restricted  diffusion  of 
size-selected  macrcmolecular  probes.  Although  confluent  monolayers  shewed  no 
charge  selectivity,  Ps  for  MDPF-BSA  and  the  35  A  FITC-HES  probe  (3.48  ±  0.33  to 
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3.70  ±  0.28,  P=NS)  were  significantly  above  the  P  for  RITC-DEX  (1.31  ±  0.41, 
P<.05)  of  similar  size.  These  data  suggest  that  older  endothelial  monolayers 
display  selective  barrier  function  characteristics  thought  to  define  the  in  vivo 
endothelium. 

These  studies  clearly  show  that  endothelial  cell  monolayers  can  be 
reproducibly  shown  to  exhibit  restricted  diffusion,  a  key  requirement  of  the 
living  vascular  barrier.  With  harvesting  techniques  available  to  obtain  GP13 
endothelial  cells,  a  host  of  future  studies  became  achievable.  For  example,  will 
Pichinde  virus  alter  macrcmolecular  permeability  and  selectivity  of  GP13  endo¬ 
thelial  monolayers?  Are  monocytes  necessary?  Are  soluble  factors  involved? 
Can  these  effects  be  reversed? 

IV.  Study  (d)  Assessment  of  free  radical  participation  in  pathogenesis  of 
arenavirus  infection  by  measurement  of  expired  ethane  by  gas  chromatography. 

A.  Introduction 

Oxygen  free  radicals  have  been  demonstrated  in  a  variety  of  disorders 
to  cause  disruption  of  the  microvascular  barrier  (30) .  Some  evidence  exists  to 
support  their  role  in  effecting  such  disruption  in  Ebola  virus  infection  in 
rhesus  monkeys  (31) ,  but  no  direct  measurements  have  yet  been  made.  This  study 
is  designed  to  track  total  C>2  free  radical  production  in  GP13s  infected  with 
Pichinde  virus  by  taking  advantage  of  their  nucleophilic  attack  at  the  15 
position  of  lineolinic  acid  with  the  production  and  pulmonary  elaboration  of 
ethane  gas  (32) .  In  rats  exposed  to  air  and  to  100%  O2,  Habib  and  colleagues 
have  measured  a  linear  rate  of  production  of  ethane  which  is  3.5  to  6.9  times 
the  basal  production  rate  of  5.7  piocmoles/min/lOOg  (33).  This  initial  study 
shews  the  feasibility  of  expired  ethane  in  rats  (or  guinea  pigs)  as  an  indication 
of  free  radical  damage.  The  questions  addressed  first  were:  1)  Since  Pichinde 
infected  GPs  will  likely  be  tachypneic,  is  ethane  production  rate  dependent  upon 
minute  ventilation?  2)  Is  the  source  of  expired  ethane  known?  3)  Is  ethane 
production  inhibitable?  4)  Since  free  radicals  are  enhanced  by  the  Fenton 
reaction  which  requires  a  free  metal  (such  as  Fe++) ,  does  iron  homeostasis 
influence  ethane  elaboration?  5)  Is  there  a  relationship  between  ethane 
production  or  free  radical  damage  and  pulmonary  capillary  hydraulic  conductivity- 
surface  area  product  (Kfc)  ? 

B.  Methods 

Methods  for  ethane  collection  and  measurement  have  been  recently 
published  (33) .  In  brief,  animals  were  studied  while  spontaneously  breathing 
and  housed  in  metabolic  chambers  that  have  been  previously  described.  Hydro¬ 
carbon  free  air  was  directed  via  teflon  tubing  into  the  chambers  at  a  flew  rate 
of  200  ml/min.  Inspirate  was  passed  over  a  cold  trap  of  freshly  prepared  acti¬ 
vated  charcoal  (vacuum  heated  at  230  °C  for  one  hour)  to  eliminate  all  residual 
ethane  from  input  air.  Effluent  from  the  chamber  was  directed  over  a  second  cold 
trap  consisting  of  a  glass  cassette  containing  activated  charcoal.  After  each 
30  minutes  of  collection  time,  the  charcoal  in  the  cassette  was  poured  into  a 
screw  top  glass  test  tube  of  known  volume  and  sealed  with  a  screw  top  housing 
a  teflon  septum.  Ethane  was  liberated  from  the  charcoal  by  heating  at  230°C 
for  five  minutes.  A  known  amount  of  headspace  gas  was  then  withdrawn  from  the 
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test  tube  with  a  precision  gas  sampling  syringe  by  puncturing  the  teflon  septum 
and  injected  onto  the  column  of  the  chrcmatograph.  The  chromatograph  contained 
a  2  meter  long  1/4  inch  diameter  glass  column  and  was  packed  with  Carbosphere 
60/80.  The  chromatograph  oven  was  maintained  isothermal  at  220 °C.  Ethane 
calibration  retention  time  was  noted  to  be  4.74  minutes. 

The  gas  chrcmatograph  responses  to  known  spikes  of  ethane  were  linear 
with  a  Pearson  rank  order  correlation  coefficient  of  not  less  than  0.995. 

All  of  the  following  studies  utilized  the  same  method  to  evaluate 
questions  raised  in  the  introduction. 

1st  Study  -  Ethane  dependency  upon  ventilation  rate. 

12  GP13s  were  studied  after  an  eight-hour  feist.  Six  of  these  animals 
were  studied  while  anesthetized  with  sodium  pentobarbital  (3.75  mg/lOOg)  and 
ventilated  via  tracheostomies  at  three  different  minute  ventilations  each  using 
a  snail  animal  ventilator  and  a  tided,  volume  of  0.75  ml/lOOg.  Minute  ventilation 
was  altered  by  adjusting  the  respiratory  frequency  alone,  and  each  minute  venti¬ 
lation  was  maintained  for  at  least  90  minutes,  enough  for  three  collection 
periods  of  30  minutes  at  each  setting.  Arterieil  blood  gases  were  obtained  for 
measurement  of  P0C>2  during  the  second  30  minute  ethane  sampling  period,  and 
intravascular  volume  was  maintained  by  replacement  via  this  line  with  a  balanced 
salt  solution. 

Since  animals  of  different  weight  have  different  metabolic  rates,  POO2 
should  be  linearly  related  to  W5'75/Ve  (minute  ventilation  corrected  for  body 
weight)  where  the  numerator  is  animal  weight  to  the  0.75  power  and  the  denomi¬ 
nator  is  minute  ventilation.  The  six  other  animals  were  studied  while  housed 
in  metabolic  chambers  as  discussed  elsewhere  for  rats. 

2nd  Study  -  What  is  the  source  of  ethane  during  hyperoxia? 

Although  ethane  in  the  expirate  may  have  its  source  in  many  organs 
other  than  the  lung,  ethane  is  believed  to  be  transported  to  the  blood-air  inter¬ 
face  from  its  source  and  eliminated  via  the  respiratory  system.  We  evaluated 
the  contribution  of  the  lung  to  the  exhaled  ethane  production  by  examining  exsan¬ 
guinated  rats  as  well  as  whole  rat  lung  slices.  The  rats  for  this  study  were 
not  purchased  with  contract  funds,  but  the  equipment  used  to  determine  the  ethane 
production  was  that  purchased  with  contract  funds. 

Grtxp  I  consisted  of  four  rats  which  were  anesthetized,  tracheosto- 
mied  and  mechanically  ventilated.  Ethane  production  rates  were  determined  during 
mechanical  ventilation  with  hydrocarbon  free  air  (HFA) ;  and  the  abdominal  cavi¬ 
ties  were  opened  and  aortas  transected,  thus  exsanguinating  the  animals.  Ethane 
production  rates  were  again  measured  in  this  condition,  the  circulation  and  thus 
any  return  of  ethane  from  organs  other  than  the  lung  being  completely  eliminated. 

Group  II  consisted  of  nine  other  rats  which  were  anesthetized, 
mechanically  ventilated  with  HFA  and  then  exsanguinated.  Ethane  production  rates 
were  measured  and  then  100%  oxygen  used  as  the  insp irate.  Ethane  production  was 
measured  again. 
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Five  of  the  animals  in  Group  II  were  used  for  Group  III.  Once 
ethane  production  rates  chi  100%  oxygen  were  determined  in  these  five  animals, 
the  insp irate  was  changed  back  to  HFA  and  ethane  production  rates  again  measured. 

Group  IV  was  the  control  group  of  six  animals  which  were  anes¬ 
thetized,  tracheostomied  and  ventilated  with  HFA  and  then  oxygen,  ethane 
production  rates  being  determined  during  both  periods  of  ventilation.  The 
percent  increase  in  ethane  production  induced  by  100%  oxygen  ventilation  as 
compared  to  HFA  ventilation  was  compared  to  the  percent  increase  in  the 
exsanguinated  animals  of  Group  II. 

Group  V  consisted  of  four  rats  anesthetized  and  ventilated  as  for 
Group  IV.  However,  once  HFA  ventilation  was  initiated,  the  rats  were  exsanguin¬ 
ated  by  aortic  section  and  the  lungs  removed  immediately.  Slices  from  these 
lungs  were  incubated  in  test  tubes  containing  phosphate  buff  erred  saline  to  which 
lOmM  FeCl2  had  been  added.  Paired  samples  were  placed  in  tubes  whose  headspace 
gas  was  either  100%  oxygen  or  HFA.  After  incubation  in  a  shaker  bath  for  120 
minutes,  headspace  gas  was  removed  for  chromatographic  ethane  analysis  and  ethane 
from  samples  incubated  with  100%  oxygen  were  compared  to  ethane  from  samples 
incubated  with  HFA  by  paired  t-test. 

3rd  Study  -  Inhibition  of  ethane  production. 

In  an  attempt  to  determine  that  free  radicals  of  oxygen  are  the 
determinants  of  ethane  elaboration,  we  attempted  to  inhibit  ethane  production 
by  the  use  of  intratracheal  instillation  of  polyethylene  glycol  (PEG)  conjugated 
superoxide  dismutase  and  catalase  (PEG-SOD  and  PEG-CAT) .  Eighteen  rats  were 
anesthetized  and  ventilated  with  HFA.  Either  PEG  alone  (six  rats)  or  PEG-SOD 
and  PEG-CAT  (six  rats)  were  instilled  dcwn  the  trachea.  Six  control  animals 
were  ventilated  on  room  air  and  oxygen  and  used  as  control. 

4th  Study  -  Pole  of  dietary  iron  in  ethane  production. 

We  have  studied  the  ethane  production  rates  in  both  hcmozygotes  and 
heterozygotes  of  a  mouse  model  of  thalassemia  that  are  being  supplied  by  a 
collaborator.  Dr.  David  Van  Wyck.  The  hctnozygote  thalassemic  mice  have  iron 
stores  four  to  five  times  that  of  the  heterozygote  mice.  Such  mice  were  studied 
as  described  above  against  their  heterozygote  controls.  In  addition,  their 
dietary  iron  was  manipulated  over  a  wide  range. 

5th  Study  -  Connection  of  ethane  production  to  changes  in  Kfc,  lung 
water,  and  dynamic  compliance. 

In  an  attempt  to  link  the  production  of  ethane,  which  occurs  early  in 
the  course  of  exposure  of  rat  lungs  to  hyperoxia ,  to  changes  in  capillary  permea¬ 
bility  and  its  subsequent  effects,  we  have  initiated  studies  in  isolated  perfused 
rat  lungs  which  can  be  adapted  for  use  with  guinea  pigs. 

The  purpose  of  these  experiments  is  to  demonstrate  a  link  between 
ethane  production  and  lung  capillary  permeability  changes  on  exposure  to  the 
oxidant  H2O2 .  We  have  established  an  isolated  perfused  rat  lung  after  discussion 
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with  various  groups  who  use  this  model  (including  the  Physiology  Department  of 
the  University  of  South  Alabama  at  Mobile) .  We  have  chosen  to  use,  as  oxidant, 
H2O2  because  it  is  a  potent  oxidant  stimulus,  it  can  be  given  on  either  side  of 
the  alveolar-capillary  membrane,  its  dose  can  be  easily  manipulated  and  catalase 
will  inactivate  it. 

Pilot  studies  on  a  rat  perfused  lung  model  were  done  to  measure  Kfc 
of  the  lung  by  gravimetric  means  using  methods  reviewed  elsewhere  and  familiar 
to  us  (34) .  By  elevating  venous  pressure  gradually  and  measuring  the  rate  of 
weight  gain  which  is  related  to  filtration,  then  a  Kfc  can  be  computed  assuming 
some  fixed  percent  of  the  venous  pressure  rise  is  propagated  back  to  mid  capil¬ 
lary.  The  error  in  changes  in  Kfc  due  to  errors  in  estimation  of  the  pressure 
propagation  are  quite  small  (34) .  In  addition  to  Kfc,  we  have  measured  wet/dry 
lung  weight  ratios  and  dynamic  lung  compliance  by  standard  methods.  Disturbance 
in  capillary  barrier  function  should  increase  the  former  and  decrease  the  latter. 

C.  Results 

1st  Study  -  As  predicted,  the  ventilated  animals  revealed  a  linear 
relationship  between  POO2  and  minute  ventilation  corrected  for  body  weight  of 
the  GP13  (Fig  12) .  Furthermore  the  ethane  production  rates  for  each  mechanically 
ventilated  GP13  as  calculated  from  the  cumulated  ethane  production  rate  during 
the  90  minute  collection  period  at  any  specific  minute  ventilation  was  found  not 
to  correlate  in  any  way  with  the  minute  ventilation  corrected  for  body  weight 
for  all  the  animals  so  studied  (Fig  13) .  Thus  minute  ventilation  is  seen  not 
to  affect  ethane  production  rate. 

The  ethane  production  rate  for  the  mechanically  ventilated  GP13s  over 
their  entire  270  minute  ventilation  period  was  calculated  neglecting  the  changes 
in  minute  ventilation  that  were  induced  (since  there  was  no  relationship  between 
minute  ventilation  and  ethane  production  rate)  and  compared  to  the  ethane  pro¬ 
duction  rate  in  the  six  animals  whose  ethane  production  rates  were  measured  dur¬ 
ing  spontaneous  breathing.  As  can  be  seen  from  Fig  14,  there  is  no  difference 
between  ethane  production  rates  in  the  two  groups  of  animals  studied,  even  though 
they  were  examined  under  completely  different  conditions. 

2nd  Study  -  Fig  15  reveals  that  ethane  production  rates  in  the  Group 
I  animals  was  not  changed  by  exsanguinat ion .  Note  however,  that  the  standard 
deviation  bar  in  the  circulation  intact  set  of  animals  is  larger  than  for  the 
exsanguinated  group  suggesting  that  seme  contribution  from  other  organs  is  a 
possibility  with  the  circulation  intact. 

Table  1  reveals  that  for  every  animal  in  group  II,  ethane  production 
rate  increased  when  the  exsanguinated  rats  were  exposed  to  100%  oxygen.  Further¬ 
more,  the  five  animals  comprising  group  III  Which  were  ventilated  again  with  HFA 
all  returned  toward  their  initial  HFA  values  for  ethane  production. 

The  rats  in  the  control  group,  Group  IV,  demonstrated  a  381  ±  213 
percent  increase  in  ethane  production  after  oxygen  was  used  as  the  ventilating 
gas.  This  value  is  not  statistically  different  from  the  percent  increase  in 
the  ethane  production  rates  found  in  the  exsanguinated  animals  in  Group  II  (Fig 
16) . 
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The  in  vitro  experiments  in  Group  V  animals  reveal  that  ethane  is 
produced  from  the  isolated  lung  alone  in  substantial  quantities  and  that  oxygen 
increases  the  ethane  liberated  significantly  (Table  2) .  The  percent  increase 
is  362  ±  245.5%  vdiich  is  comparable  to  that  seen  in  the  animals  of  group  II. 

3rd  Study  -  Table  3  reveals  that  neither  intratracheal  instillation 
of  PEG-SOD  and  PEG-CAT  nor  PEG  alone  altered  ethane  production  during  HFA 
ventilation.  Compared  to  normoxic  ventilated  rats,  ethane  production  increased 
in  the  PEG  and  no  treatment  groups  but  not  in  the  PEG-SOD  and  PEG-CAT  groups. 
Furthermore,  the  mean  increase  in  ethane  production  in  PEG  treated  rats  was 
significantly  higher  than  for  the  no  treatment  group  and  for  the  PEG-SOD  and  PEG- 
CAT  treated  group  (Fig  17) . 

4th  Study  -  Despite  the  difference  in  iron  stores,  ethane  production 
in  both  groups  of  mice  (iron  normal  and  iron  overloaded)  demonstrate  a  linear 
relationship  to  dietary  iron  but  not  to  their  phenotype  (Table  4)  during  room 
air  breathing.  Furthermore,  in  vitro  rat  lung  slices  in  our  laboratory  produce 
more  ethane  when  the  incubation  medium  contains  iron.  Indeed,  in  one  such  in 
vitro  study,  we  found  a  linear  relationship  between  iron  content  of  the  medium 
and  the  ethane  produced  on  incubation  of  lung  tissue  with  oxygen. 

5th  Study  -  Pilot  studies  conducted  thus  far  with  this  model  have 
indicated  that  ethane  production  rates  during  H2O2  exposure  increase  compared 
to  the  saline  control.  This  can  be  seen  in  Fig  18.  Increased  conjugated  dienes, 
another  marker  of  lipid  peroxidation,  were  also  found  in  the  lipid  extract  of 
lungs  exposed  to  H2C>2  (Fig  19)  along  with  the  increased  ethane  although  we  are 
in  the  process  of  improving  our  method  of  conjugated  diene  measurement.  Lung 
water,  as  measured  by  wet/dry  lung  weight  ratios  was  also  found  to  increase  as 
shewn  in  Fig  20.  Dynamic  lung  compliance  was  predictably  decreased,  although 
not  as  impressively  as  the  increase  in  wet/dry  weight  ratios  (Fig  21) . 

Pilot  data  for  the  capillary  filtration  coefficient  (Kfc)  measurements 
support  the  hypothesis  that  capillary  leak  is  caused  by  the  oxidant  injury  in 
that  KfC  was  found  to  increase  over  the  thirty  minute  period  during  which  it  was 
measured.  As  demonstrated  in  Table  5,  the  capillary  filtration  coefficient 
thirty  minutes  into  the  isolated  perfused  rat  lung  experiment  is  less  in  the 
saline  control  experiments  as  compared  to  the  H202  experiments. 

D.  Discussion 

Study  1  demonstrates  that  the  elimination  rate  for  ethane  is  not 
dependent  on  minute  ventilation  and  is  constant  in  resting  normal  GP13.  This 
is  analogous  to  the  production  and  elimination  of  002  by  animals  in  which  the 
gas  is  neither  metabolized  nor  stored  and  diffuses  rapidly  into  the  alveolar 
space. 


These  data  should  simplify  the  measurement  of  ethane  production  rate 
in  guinea  pigs  having  different  minute  ventilations  (such  a  sick  versus  healthy 
animals)  since  changes  in  minute  ventilation  appear  not  to  alter  ethane  produc¬ 
tion  rates. 
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Study  2  -  Although  other  organs  have  been  shewn  to  produce  ethane,  we 
have  demonstrated  not  only  that  the  lung  itself  can  produce  substantial  quanti¬ 
ties  of  the  hydrocarbon  but  that  it  is  probably  the  major  source  of  ethane  when 
animals  are  ventilated  with  100%  oxygen.  This  provides  a  direct  test  for  pulmo¬ 
nary  free  radical  production  in  infected  GP13s. 

Study  3  -  These  data  suggest  that  oxygen  metabolites  contribute  to  the 
ethane  production  in  rats  exposed  to  100%  oxygen  and  that  PEG  alone  increases 
the  effect  of  oxygen  on  ethane  production.  PBG-SOD/CAT  decrease  free  radical 
metabolites  induced  by  hyperoxia. 

Despite  the  current  popularity  of  PEG  bound  scavengers  to  treat 
free  radical  excess,  these  studies  indicate  caution  is  necessary  in  interpre¬ 
tation,  since  PEG  alone  enhances  ethane  production. 

Study  4  -  The  status  of  iron  in  the  diet  is  important  in  potentiating 
free  radial  production  and  presumably  free  radical  damage.  This  brings  to  mind 
an  intriguing  possibility:  Since  hemorrhagic  fever  is  common  outside  the  United 
States,  and  since  world  wide  foodstuffs  provided  by  western  countries  are  usually 
iron  fortified,  is  there  a  relationship  between  dietary  iron  and  clinical 
susceptibility  to  hemorrhagic  fever?  Dietary  studies  in  infected  GP13s  should 
be  able  to  address  this  question. 

Study  5  -  Measurement  of  dynamic  lung  compliance  has  not  revealed  the 
same  degree  of  change  as  was  seen  in  the  wet/dry  ratios.  This  probably  reflects 
the  need  for  substantial  changes  in  lung  water  to  result  in  a  diminution  in 
dynamic  compliance,  but  the  data  shewn  in  Fig  21  suggest  that  the  trend  in  the 
H2O2  treated  animals  is  towards  a  redaction  in  dynamic  compliance  compared  to 
the  saline  control. 

The  methods  can  be  adapted  to  isolated  perfused  guinea  pig  lungs 
infected  or  not  with  the  Pichinde  virus.  Thus,  assessment  of  Kfc,  lung  water, 
and  dynamic  lung  compliance  at  various  stages  of  the  disease  process  can  be 
determined  to  clarify  the  changes  the  virus  induces  on  lung  capillary  permea¬ 
bility,  a  change  that  is  supposed  to  occur  late  in  the  disease  course. 

V.  Study  (e)  Morphometric  and  intravital  assessment  of  hepatic  microcirculation 
and  Kupffer  cell  function. 

A.  Introduction 

Since  macrophages  are  a  major  target  in  lethal  arenavirus  infection, 
and  hepatic  necrosis  is  also  a  feature  (3,35,36),  this  study  is  designed  to 
investigate  both  features  simultaneously  in  the  living  hepatic  microcirculation 
in  control  and  infected  GP13s. 

Hepatic  microvascular  failure  is  implicated  in  the  pathophysiology  of 
septic  and  endotoxic  shock;  and,  Kupffer  cells  which  comprise  one  of  the  hepatic 
sinusoidal  lining  cells  are  not  only  phagocytes  but  also  the  source  of  a  variety 
of  toxic  and  beneficial  mediators  such  as  prostaglandins,  leukotrienes,  throm¬ 
boxanes,  free  radicals,  interleukin-1,  tumor  necrosis  factor,  interferon,  lyso¬ 
somal  enzymes,  procoagulants,  etc.  (reviewed  in  references  37-41) .  As  a  result. 
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these  cells  have  been  implicated  in  playing  a  major  role  in  septic  and  endotoxic 
shock  since  bacterial  endotoxin  which  is  principally  cleared  by  Kupffer  cells 
also  modulates  the  release  of  these  substances  (39-41) .  This  is  of  particular 
interest  since  macrophages  are  reported  to  a  major  target  for  arenavirus 
infection;  and,  Kupffer  cell  hyperplasia  and  hepatic  necrosis  are  frequently 
observed  (3) .  This  suggests  that  involvement  of  the  hepatic  microvasculature 
and  Kupffer  cells  in  the  pathophysiology  of  arenaviral  infections  may  contribute 
significantly  to  the  lethality  of  the  disease. 

Given  the  above,  the  purpose  of  the  current  investigtion  is  to  eluci¬ 
date  the  dynamic  events  that  occur  in  the  hepatic  microvasculature  during  the 
lethal  course  of  an  animal  model  of  human  arenavirus  infection  which  employs 
Pichinde  viral  infection  of  strain  13  guinea  pigs.  In  addition,  as  noted  in 
Section  II,  the  mesenteric  microvasculature  also  is  being  studied  and  the 
responses  compared  and  contrasted  to  those  in  the  hepatic  microvasculature. 
The  mesentery  provides  a  convenient  site  to  evaluate  the  effects  of  arenaviral 
infection  in  a  relatively  simple  microvascular  bed  containing  arterioles,  capil¬ 
laries  having  continuous  endothelium  and  basal  lamina,  and  venules.  In  contrast, 
the  highly  metabolic  liver  has  a  highly  ccrplex  microvasculature  containing 
sinusoids  having  a  dual  afferent  blood  supply  from  the  portal  venule  and  hepatic 
arteriole.  Ihe  sinusoids  have  fenestrated  endothelial  walls  and  are  not 
surrounded  by  a  continuous  basal  lamina;  they  also  contain  the  phagocytic  Kupffer 
cells  on  their  luminal  surfaces.  Such  xaicrociroulatory  studies  are  best  done 
using  a  high  resolution  in  vivo  microscopic  method  so  that  the  direction  and 
magnitude  of  dynamic  microvascular  events  can  be  assessed  in  life  as  a  function 
of  time.  Subsequent  electron  microscopic  evaluation  permits  ultrastructural 
evaluation  of  cellular  damage.  These  studies  should  be  useful  in  elucidating 
the  pathophysiology  of  this  disease  and  in  developing  a  strategy  for  therapeutic 
intervention. 

As  a  result,  the  specific  aims  of  this  project  are  to  determine 
qualitatively  and  quantitatively  what  alterations  occur  as  a  function  of  time 
in  the  hepatic  and  mesenteric  microvasculature  in  strain  13  guinea  pigs  following 
infection  with  Pichinde  virus.  Changes  in  the  patterns,  pathways,  rates  and 
volumes  of  blood  flew  through  the  hepatic  microvasculature  are  assessed  by  high 
resolution  light  microscopy  of  the  liver  and  mesentery  in  situ  in  anesthetized 
animals.  The  causes  of  these  changes,  e.g. ,  vasodilation  or  constriction ,  endo¬ 
thelial  adhesion  of  leukocyte  and  platelets  and/or  intravascular  aggregation, 
sinusoidal  lining  cell  swelling  and/or  rupture,  etc. ,  will  be  determined.  Alter¬ 
ations  in  phagocytic  Kupffer  cell  function  in  the  liver  also  will  be  quantita¬ 
tively  assessed.  Subsequently,  the  ultrastructural  alterations  in  the  microvas¬ 
cular  wall  will  be  elevated  by  transmission  and  scanning  electron  microscopy. 
Once  the  hepatic  microvascular  pathophysiology  is  defined  therapeutic  interven¬ 
tion  strategies  will  be  tested,  e.g. ,  inhibitors  of  the  synthesis  and/or  release 
of  eioosanoids,  cytokines  as  well  as  free  radical  scavengers,  Ribavirin  (42) , 
interferon  (43) ,  etc. 

B.  Methods 

Strain  13  guinea  pigs  (300-500g)  innoculated  with  104  plaque  forming 
units  of  Pichinde  virus  adapted  by  USAMRIID  for  14-day  lethality  will  be  the 
experimental  model  of  arenavirus  infection.  Groups  of  six  animals  will  be 
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studied  on  even  days  from  0  to  14  days  after  infection.  Uninfected  animals  are 
currently  being  studied  for  controls. 

The  livers  (and  mesenteries)  are  studied  by  high  resolution,  in  vivo 
microscopic  methods  (37,38) .  To  accomplish  this,  a  lobe  of  the  liver  (or  a  loop 
of  small  intestine)  is  gently  exteriorized  through  an  incision  in  the  abdominal 
wall,  and  transiliuminated  or  epi-illuminated  with  monochromatic  light.  Homeo¬ 
stasis  will  be  maintained  by  suffusion  of  the  exposed  liver  with  Ringer's  solu¬ 
tion  warmed  to  body  temperature.  Televised  images  then  are  recorded  on  video 
tape  for  subsequent  analysis. 

The  function  of  individual  Kupffer  cells  is  assessed  by  measuring  the 
rate  of  phagocytosis  of  individual  FITC-latex  particles  (0.8  im  in  diameter) 
injected  intraportal ly  (mesenteric  vein) .  This  is  determined  lay  measuring  the 
time  required  for  individual  Kupffer  cells  to  internalize  single  particles  once 
they  have  contacted  the  cell  surface  (40,41,44-46) .  Such  measurements  are  made 
in  the  periportal  (Zone  1) ,  midlobular  (Zone  2) ,  and  centrilobular  (Zone  3)  areas 
of  each  liver.  Ten  measurements  are  made  in  each  area.  The  distribution  and 
relative  number  of  phatocytic  Kupffer  cells  also  is  measured  by  counting  the 
number  of  cells  that  phagocytose  latex.  This  is  done  15  minutes  after  infusing 
a  standardized  concentration  of  latex  particles  (0.8/i  in  diameter) .  To  assess 
regional  distribution,  the  number  of  phagocytic  Kupffer  cells  per  standardized 
microscopic  field  is  counted  in  10  periportal  (Zone  1) ,  10  midlobular  (Zone  2) , 
and  10  centrilobular  (Zone  3)  regions.  For  these  measurements  the  livers  are 
imaged  by  incident  fluorescence  microscopy  (37,38).  This  permits  the  use  of 
lower  magnifications  (40  x  objective)  and  subsequently  larger  fields  of  measure¬ 
ment.  While  1.0  /am  latex  particles  are  easily  visualized  with  an  80  x  objective, 
they  are  difficult  to  see  with  the  40  x  objective  unless  fluorescence  microscopy 
is  used.  However,  the  field  of  measurement  with  the  80  x  objective  is  quite 
restricted  and  best  used  to  evaluate  phagocytosis  of  single  particles  by  indi¬ 
vidual  Kupffer  cells. 

In  addition  to  the  above  evaluation  of  Kupffer  cell  (KC)  function,  the 
following  hepatic  micrcrvascular  parameters  are  assessed:  (a)  patterns  of  blood 
flew  within  the  lobules  and  velocites  of  blocxJ  flow  in  the  sinusoids;  (b)  aggre¬ 
gation  and/or  adhesion  of  formed  elements  in  the  blood  to  each  other  or  to  the 
sinusoid  walls;  and  (c)  dimensional  changes  in  the  micaxvasculature  due  to  con¬ 
striction,  dilation  and/or  swelling  or  sinusoidal  lining  cells.  The  relative 
adequacy  of  blood  perfusion  through  the  sinusoids  is  evaluated  by  counting  the 
number  of  sinusoids  containing  flow  in  the  same  macroscopic  fields  where  the 
number  of  phagocytic  KC  was  previously  determined.  Similar  parameters  are 
evaluated  for  the  mesenteric  microvasculature. 

The  ultrastructural  changes  that  occur  in  the  liver  and  during  the 
course  of  the  disease  will  be  evaluated  by  routine  transmission  and  scanning 
electron  microscopic  methods  (47,48) .  For  these  studies,  groups  of  three  animals 
will  be  used  with  a  group  sacrificed  on  even  days  0  to  14  days  following  innocu- 
lation.  The  observed  ultrastructural  changes  will  be  correlated  with  thsoe 
recorded  by  ia  vivo  light  microscopy.  Particular  attention  will  be  paid  to 
damage  to  the  hepatic  sinusoid  wall  including  endothelial  cells  and  their 
fenestrae,  Kupffer  cells  and  perisinusoiudal  fat-storing  cells  of  I  to.  In  the 
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mesentery,  attention  will  be  paid  to  alteration  on  the  integrity  of  capillary 
venules,  particularly  their  endothelial  junctions  and  based  laminae. 

Once  the  hepatic  (and  mesenteric)  microvascular  physiology  is  defined 
a  variety  of  therapeutic  intervention  strategies  will  be  tested.  Quantitative 
data  which  are  normally  distributed  will  be  compared  using  standard  ANOVA. 
Ordinal  data  or  nonnormally  distributed  information  will  be  compared  between 
groups  and/or  times  by  the  Mann-Whitney  U  test,  Friedman  two-way  ANOVA,  and 
possibly  the  Kendall  rank  correlation  test.  All  of  these  are  in  use  in  our 
laboratories. 

C.  Results  for  Studies  (bl  and  (e)  Together 

Until  very  recently  it  has  not  been  possible  for  us  to  study  the 
effects  of  arenavirus  on  the  microcirculation  due,  first,  to  a  lack  of  appro¬ 
priate  containment  facilities?  and,  second  and  most  recently,  a  shortage  of 
strain  13  guinea  pigs.  As  a  result,  during  the  first  18  months  of  this  project 
efforts  have  been  directed  toward  establishing  reproducible  methodologies  to 
study  the  guinea  pig  mesenteric  and  hepatic  microvasculature  by  high  resolution 
in  vivo  microscopy.  It  was  found  that  many  modifications  in  our  instrumentation 
were  required  to  accommodate  guinea  pigs;  the  equipment  in  the  past  was  designed 
for  use  primarily  with  mice  and  small  rats. 

First,  in  order  to  facilitate  capture  and  enable  analysis  of  microcirc- 
ulatory  images  derived  from  the  in  vivo  microscope,  several  key  pieces  of  elec¬ 
tronic  equipment  were  installed  and/or  tested.  These  include  the  Metrobyte  data 
acquisition  equipment  and  Bioquant  morphometric  hardware,  as  well  as  the  associ¬ 
ated  software  to  interface  them  with  the  PCAT.  This  equipment  provides  the  means 
bo  acquire  the  qualitative  fluorescence  data  needed  to  determine  permeability 
from  the  video  images  of  mesentery  and  liver.  Several  tests  were  performed  to 
check  system  sensitivity  and  to  calibrate  this  equipment.  A  number  of  miscel¬ 
laneous  but  important  equipment  modifications  and  software  tests  were  also  done 
to  complete  equipment  install  lat  ions . 

Secondly,  a  new  microscope  stage  was  designed  and  built  to  study  the 
guinea  pig  mesentery.  Several  improvements  were  made  that  dramatically  enhanced 
our  ability  to  visualize  and  maintain  the  mesenteric  preparation  during  experi¬ 
ments  (see  Fig  22) .  Based  on  this  design  another  stage  was  designed  and  built 
for  liver  preparations ,  since  the  stage  used  for  rat  liver  was  not  adequate  for 
the  guinea  pig.  A  second  revision  of  this  design  still  is  required  and  currently 
is  being  designed  and  constructed.  Nevertheless,  a  number  of  adequate  images 
of  the  liver  have  been  recorded  including  phagocytosis  of  fluorescent  latex 
particles  by  the  Kupffer  cells  (Fig  23) . 

After  the  new  stage  was  built  and  tested  a  number  of  mesenteric  prepa¬ 
rations  were  examined  mostly  using  150  kD  molecular  weight  FITC-labelled  dex- 
trans.  Initially,  the  FITC-dextrans  were  injected  as  a  single  bolus  into  a 
penile  vein  (0.3-0. 4  ml,  10%  w/v) .  This  bolus  was  used  to  determine  the  time 
to  reach  a  steady-state  fluorescence  intensity  in  the  cell-free  plasma  layer  of 
the  mesenteric  microvessels  as  well  as  a  preliminary  estimate  of  the  fluorescence 
intensity  in  the  extra  vascular  space.  This  information  is  necessary  to  determine 
an  estimate  for  microvascular  permeability  (P)  of  the  FITC-dextrans.  Although 


models  to  determine  values  for  P  are  not  presently  developed,  image  analysis 
indicates  that  very  little  of  the  150  kD  FITC-dextrans  are  extravasated  (see  Figs 
22,24) .  Histamine  was  given  either  systemically  (or  topically)  after  a  steady- 
state  concentration  was  reached  to  determine  if  microvascular  leakage  of  dextrans 
could  be  obtained.  While  leakage  spots  have  been  observed  in  post-capillary 
venules  of  the  hamster  cheek  pouch  our  preliminary  results  for  the  guinea  pig 
do  not  clearly  shew  that  this  phenomenon  occurs  in  the  mesentery.  However, 
there  is  an  indication  that  small  leakage  sites  may  be  located  near  some  peri¬ 
vascular  cells  and  in  the  proximity  of  venular  bifurcations.  No  apparent  differ¬ 
ence  between  mode  of  administration  was  found.  More  recent  work  using  topically 
applied  recombinant  human  tumor  necrosis  factor  (INF)  to  the  GP  mesentery  demon¬ 
strated  venular  leakage  of  150  kD  FITC-dextran,  as  well  as  frank  blot  hemorrhages 
(see  Fig  25) . 

The  use  of  70  kD  molecular  weight  FTTC  dextran  was  initiated  to 
evaluate  whether  this  smaller  size  molecule  penetrated  the  microvascular  wall 
under  normal  (healthy)  conditions.  Qualitatively,  little  penetration  was 
observed,  and  the  result  appeared  similar  to  those  seen  for  150  kD  FTTC  dextran. 
Qualitative  computerized  image  analysis  continues  to  be  in  progress.  Studies 
of  smaller  FTTC  dextran  (10-20  kD)  recently  have  been  initiated  but  with  limited 
results  to  date. 

Quantification  of  transport  and  uptake  of  the  FITC-dextrans  by  hepato- 
cytes  has  not  been  possible  because  the  redesigned  stage  still  is  not  adequate 
and  revision  has  not  yet  been  completed.  Attempts  to  use  the  smaller  stage 
agitable  for  rat  livers  have  met  with  only  limited  success.  However,  a  few  good 
observations  have  provided  some  useful  information  that  has  permitted  us  to  make 
modifications  to  procedures  used  for  the  guinea  pig  experiments.  First,  the  dose 
(obtained  from  literature)  of  FITC-dextrans  injected  appears  to  be  too  high, 
since  it  significantly  affects  liver  hemodynamics,  mainly  by  reducing  blood  flew 
and  causing  liver  congestion.  Lowering  the  total  mass  injected  has  improved  this 
situation.  Secondly,  using  steady-state  concentrations  of  FITC-dextrans  to 
analyze  permeability  for  liver  does  not  appear  to  be  satisfactory.  The  protocols 
are  being  modified  to  use  either  pulses  injected  into  the  portal  vein  or  systemic 
circulation  before  the  mesentery  is  studied  in  the  same  preparation. 

Pulse  injections  of  the  FITC-dextrans,  in  contrast  to  a  steady-state 
concentration,  are  being  evaluated.  This  approach  has  the  potential  to  eliminate 
the  high  circulating  levels  of  FITC-dextrans  which  appear  to  cause  liver  conges¬ 
tion  and  to  permit  repeated  measurements  of  permeability  at  the  same  sites  (more 
consistent  with  presently  developed  models) .  In  addition,  we  are  attempting  to 
develop  a  methodology  to  inject  pulses  of  FITC-dextrans  locally;  that  is,  in 
close  proximity  to  the  mesenteric  loop  exteriorized  for  observation  on  the 
microscope  stage.  Special  small  diameter  catheters  and  attached  needles  were 
secured  to  aid  in  this  process. 

Finally,  for  in  vivo  studies  it  has  been  determined  that  smaller  (young 
adult)  guinea  pigs  (250  gms)  should  be  used  in  order  to  provide  sufficient 
observation  time  for  each  experiment.  Microvascular  flew  is  better  maintained 
using  this  size  animal,  and  the  guinea  pigs  seem  to  better  tolerate  the  initial 
and  maintenance  doses  of  sodium  pentobarbital .  This  provides  much  better  images 
of  the  liver  and  the  mesentery. 
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D.  Discussion  of  Studies  (b)  and  (e)  Together 

A  number  of  protocols  and  procedures  related  to  the  animal  size,  sur¬ 
gery,  anesthestic  administration,  FITC-dextran  concentation ,  and  drug  doses  have 
been  established  to  permit  study  of  livers  and  mesentery  in  control  of  guinea 
pigs  as  well  as  animals  infected  with  arenavirus.  Electron  microscopic  evalua¬ 
tions  of  the  hepatic  and  mesenteric  microvasculature  are  in  progress  as  are  in 
vivo  microscopic  evaluations  of  Kupffer  cell  phagocytic  activity. 
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Table  1 


Picomoles  of  Ethana  Production  Rates  in  Exsanguinated, 
Ventilated  Animals1  During  Ninety  Minute  Exposures  to  Hydrocarbon 
Free  Air  (HFA)  or  100%  Oxygen. 


Rat 

HFA 

Oxvaen 

HFA 

1 

5.05 

7.55 

- 

2 

3.32 

7.03 

- 

3 

2.05 

8.44 

- 

4 

3.22 

8.98 

- 

5 

1.47 

45.74 

1.02 

6 

2.55 

56.92 

6.65 

7 

.233 

2.42 

1.72 

8 

.67 

2.17 

.60 

9 

1.03 

7.28 

1.65 

Mean  ±  SD 

0.18  ±  1.53 

16.28  ±  20.21 

2.33  ±  2, 

1.  Ethane  production  in  picomoles/min/lOOgm  rat 
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Picomoles  of  Ethane  Produced  in  vitro  per  Gram  of  Wet  Lung 
Tissue  With  Headspace  Gas  Hydrocarbon  Free  air  (HFA)  or  Oxygen  1 . 


Rat 

HFA 

Oxygen 

time  120  min 

time  120  min 

A 

4.76 

17.75 

B 

3.71 

15.42 

C 

1.90 

15.48 

D 

5.56 

13.73 

Mean  ±  SD 

3.98  ±  1.50 

15.60  ±  1.65* 

*  Significantly  different  from  HFA  (2P<0. 005) . 


1.  Tissues  incubated  in  a  shaker  bath  at  37 ‘C  for  120  minutes 
in  phosphate  buffered  saline  containing  lOmM  FeCl2. 


Table  3 
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Treatment  (N) 
None  (6) 


Normoxia 
0.99  ±  0.35 


pre 

PEG  (6)  2.48  ±  0.48 

PEG-SOD/CAT  (6)  2.24  ±  1.37 

Values  in  pny'rain/lOOg  ±  SD 


post 

2.72  ±  .76  16.33  ±  9.98 

1.95  ±  .64  4.09  ±  2.04 


Pre  and  Post  PEG  or  PEG-SOD/CAT  values  for  ethane  production  while  venti¬ 
lated  with  hydrocarton  free  air  were  not  different.  Oxygen  caused  an 
increase  in  all  values  of  ethane  production  but  the  greatest  effect  was  in 
the  PEG  only  treated  animals. 
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Cellular  Iron  Toxicity:  Effect  of  Thalassemia  and  Food  Iron  Fortification 
Effect  of  Phenotype  and  Dietary  Iron  on  Ethane  Production  (pm/lOOg/min) 


Phenotype 

Dietary 

Iron 

(mg/g) 

Effect 

of 

0.00 

.30 

.6 

3.0 

Diet 

Homozygotes  mean 
sd 

7.7 

10.4 

.7 

13.4 

.0 

20.1 

.4 

Heterozygote  mean 
Controls  sd 

6.4 

11.8 

.6 

13.8 

.3 

15.8 

.1 

P<.001 

Effect  of  Phenotype  P=. 181 

(iron-free  diet  groups  have  not  yet  been  completed) 

Table  5 
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Effect  on  capillary  filtration  coefficient  1  (Kfc)  thirty  minutes  after 
H202  administration  in  the  isolated  perfused  rat  lung  (mean  ±  SD) . 

Saline  *  H202* 

0.17  ±  0.173  2.81  ±  3.7 

♦Three  animals  in  each  group. 

1.  ml/min/cm  H20/100  gm  lung. 
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Figure  Legends 

1.  Histogram  of  a  values  for  27  guinea  pigs  resulting  in  56  successful 
computations.  70%  of  the  values  were  within  one  SD  from  the  mean  and  100% 
were  within  two  SD. 

2 .  Histogram  of  PS  values  for  27  guinea  pigs  resulting  in  56  successful 
computations.  The  mode  of  1.5  to  2.5  and  the  median  of  2.76  were  less  than 
the  mean  of  3.21  showing  positive  skewness.  Nonetheless,  77%  of  the  values 
were  within  one  SD  from  the  mean  and  95%  were  within  two  SD. 

3.  Scanning  electron  micrographs  of  a  confluent  bovine  aortic  endothelial  cell 
monolayer.  Panel  A  shows  the  uneven  features  of  a  single  cell  with  confluent 
interendothelial  junctions  with  other  endothelial  cells.  Panel  B  shews  an 
apparent  confluent  monolayer  with  certain  small  holes  where  endothelial  cells 
do  not  cover  the  polycarbonate  (PC)  filter  (arrow  indicates  open  pores  of  PC 
filter) . 

4.  Thin  transmission  electron  micrographs  of  primary  passaged  bovine  pulmonary 
artery  endothelial  cell  monolayer  grown  on  gelatin/fibrcnect in-coated  0.4jx 
polycarbonate  membrane  for  4  days.  Panel  A  shows  a  lew  power  view  of  an 
endothelial  monolayer.  An  endothelial  cell  projection  is  evident  (arrow) . 
No  extracellular  matrix  is  seen  under  the  monolayer.  Panel  B  shews  an  area 
with  no  connection  between  cells  and  which  provides  ruthenium  red  direct  access 
to  the  PC  filter.  Caveoli  are  noted  to  contain  ruthenium  red  (arrow) .  Panels 
C  and  D  shew  two  junctions  that  appear  to  exclude  ruthenium  red  while  there 
is  marked  binding  of  this  material  onto  the  endothelial  glyoocalyx.  Bars 
indicate  respective  distance  in  /mi  (fi) . 

5 .  Transmission  micrographs  of  primary  passaged  bovine  pulmonary  artery  and  aortic 
endothelial  cell  monolayers  grown  on  a  gelatirUfibronect in-coated  0.4 
polycarbonate  membrane  for  4  days.  Panel  A  shews  dense  ruthenium  binding  to 
the  endothelial  luminal  surface  that  extends  into  an  interendothelial  cell 
junction.  Substantially  smaller  amounts  of  this  material  are  seen  bound  to 
the  abluminal  cell  surface  (arrow) .  Panel  B  shews  a  complex  aortic 
interendothelial  cell  junction  not  exposed  to  ruthenium  red.  The  attenuated 
endothelial  membranes  form  a  circuitous  pathway  with  the  appearance  of  a  tight 
junction. 

6.  Size-selective  passage  of  FITC-HES  across  confluent  (curve  1)  and  non-confluent 
(curve  2)  endothelial  monolayers .  Fluorescence  intensity  of  size-selected 
FITC-HES  plotted  as  a  function  of  molecular  radius  (A)  for  bottom  chamber 
saxiples  obtained  one  hour  after  the  addition  of  FITC-HES  to  the  top  well .  Each 
curve  type  was  correlated  with  endothelial  cell  monolayer  cxnfluency  by 
scanning  electron  microscopy.  The  mean  percent  membrane  area  uncovered 
(depicted  to  the  right  of  each  curve)  was  determined  by  morphometry. 

7.  Size-selectivity  of  FITC-HES  after  selected  period  of  monolayer  culture. 
Permeability  coefficients  plotted  as  a  function  of  molecular  radius  for  FITC¬ 
HES  macrcmolecules  across  the  "best”  (least  permeable)  endothelial  cell 
monolayers  at  3,  10,  17  and  20  days  after  cell  plating  are  shewn.  The  size- 
selected  permeability  coefficients  for  a  gelatiiyfibrcnect in-coated  filter 
support  containing  no  cells  is  also  depicted. 
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8.  Size-selectivity  of  FITC-HES  across  an  endothelial  monolayer  in  comparison  to 
an  epithelial  (LLC-FK,)  monolayer.  Permeability  coefficients  plotted  as  a 
function  of  molecular  radius  for  FITC-HES  macrcmolecules  across  a 
representative  bovine  aortic  endothelial  cell  monolayer  (EAEC)  at  6  days  in 
comparison  to  an  epithelial  cell  (LLC-PK,)  monolayer  are  shewn. 

9.  Comparison  of  FITC-HES,  MDPF-BSA  and  RITC-DEX  across  bovine  aortic  endothelial 
monolayers  6  days  after  monolayer  preparation.  Size-selective  permeability 
coefficients  for  each  probe  plotted  as  a  function  of  molecular  radius  show  that 
the  35A  FITC-HES  probe  and  MDPF-BSA  display  similar  monolayer  restriction. 
RITC-DEX,  however,  is  significantly  (noted  by  stars)  belcw  these  coefficients 
for  all  intermediately  sized  molecules  (<  5QA) . 

10.  Restricted  diffusion  test  of  endothelial  and  epithelial  monolayers.  Restricted 
diffusion  is  determined  by  dividing  the  permeability  coefficient  (P)  by  the 
calculated  free  diffusion  coefficients  (D0)  for  each  size-selected  FITC-HES 
probe  plotted  as  a  function  of  molecular  radius.  The  flat  P/D0  values  for 
young  endothelial  cells  (3  day)  (open  circles)  was  significantly  different  from 
the  classic  restricted  diffusion  curve  shown  by  the  older  endothelial  cells 
(10-17  day)  (closed  circles)  (pc. 025) .  The  younger  cells  showed  no  restricted 
diffusion.  The  epithelial  cells  (open  triangles)  shewed  the  lowest 
permeabilities  and  no  evidence  of  restricted  diffusion  over  this  solute  range. 

11.  Single  pore  model  of  endothelial  monolayers  that  displayed  restricted 
diffusion.  A  "best-fit"  of  computer-generated  single  pore  model  to  predict 
the  mean  permeability  coefficients  plotted  as  a  function  of  molecular  radius 
(a^  is  shewn.  Note  that  endothelial  monolayers  with  lew  Ps  as  well  as  the 
Ps  seen  with  epithelial  monolayers  could  not  be  fit  to  any  pore  model. 

12.  Arterial  PC0?  versus  minute  ventilation  corrected  for  metabolic  activity. 
Only  five  GP  13  are  used  since  the  arterial  line  in  one  animal  did  not 
function.  As  predicted,  PC02  is  directly  related  to  metabolic  activity  thus 
demonstrating  the  adequacy  of  measurement  techniques. 

13 .  Scattergram  of  ethane  production  rate  versus  minute  ventilation  corrected  for 
metabolic  rate  for  all  minute  ventilations  in  all  GP13s.  No  correlation  is 
seen.  Asterisks  identify  the  outliers. 

14.  Comparison  of  cumulated  ethane  production  in  6  spontaneously  breathing  GP13 
with  the  six  mechanically  ventilated  animals,  ignoring  the  minute  ventilation 
changes  that  were  induced.  The  rates  were  the  same. 

15 .  Ethane  production  rates  for  exsanguinated  animals  and  animals  with  circulation 
intact.  The  values  were  not  different.  Differences  in  variances  between 
groups  leaves  open  the  possibility  of  extrapulmonary  sources  of  ethane  in 
intact  animals. 

16 .  Percent  change  in  ethane  production  on  exposure  to  100%  oxygen  in  exsanguinated 
animals  and  in  control  animals.  The  values  are  not  different. 

17.  Absolute  change  in  ethane  production  rates  on  exposure  to  100%  oxygen  after 
hydrocarbon  free  air  ventilation  in  animals  treated  intratracheal ly  with  either 
polyethylene  glycol  alone  (PEG)  or  FTC  attached  to  superoxide  dismutase  or 
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catalase  (PEG-SOD/CAT)  or  control.  PEG  induces  ethane  production,  but  PEG- 
SOD/CAT  reduces  it. 

18.  Dung  conjugated  dienes  measured  spectrcphotanetrically  at  232  nM  in  isolated 
perfused  rat  lungs  instilled  intratracheal ly  with  either  saline  or  H^. 
Peroxide  induced  an  increase. 

19 .  Ethane  production  frcm  isolated  perfused  rat  lungs  after  intratracheal 
instillation  of  either  saline  or  H^.  Peroxide  increased  production. 

20.  Wet  to  dry  lung  weight  ratios  in  isolated  perfused  rat  lungs  exposed  to 
intratracheal  instillation  of  either  or  saline.  Peroxide  induced  an 
increase. 

21.  Changes  in  dynamic  cxxrplianoe  over  time  in  isolated  perfused  rat  lungs  exposed 
to  the  intratracheal  instillation  of  or  saline.  Peroxide  tended  to  shew 
reduced  compliance. 

22.  Mesenteric  circulation  of  control  GP13  viewed  on  newly  constructed  stage.  A 
shews  the  standard  view  with  two  capillaries  on  the  right  draining  into  a 
venule  on  the  left.  B  shews  the  fluorescence  view  of  the  same  field 
demonstrating  no  leak  of  150kD  FTDC  dextran. 

23.  A  and  B  are  different  intensity  light  exposures  of  hepatic  sinusoids  of  the 
control  GP13  on  which  two  Nupffer  cells  are  scarcely  visible  at  3  and  6 
o'clock.  C  shows  the  fluorescence  image  at  the  same  field  after  phagocytosis 
of  0.8/x  latex  particles.  The  Kinetics  and  amplitude  of  the  phagocytic  process 
are  thus  easily  tracked  by  such  on  line  tracking  procedures. 

24.  Control  GP13  mesenteric  venules.  These  twenty  micro  diameter  venules  are 
where  capillary  leakage  is  known  to  occur  following  treatment  with  such  agents 
as  histamine  or  bradykinin.  A  shews  the  standard  image,  and  B  shows  complete 
retention  of  150kD  FTTC  dextran  by  these  normal  venules. 

25.  In  contrast  to  normal  maintenance  of  150kD  FTTC  dextran  shewn  in  Figures  22B 
and  24B,  these  fluorescent  views  of  mesenteric  venules  demonstrate  the  effects 
of  topical  INF  at  45  to  47  minutes.  A  shews  bright  extravascular  areas  of  blot 
hemorrhages.  B  shews  diffuse  leak  of  the  dextran.  These  changes  might  be 
expected  to  be  seen  with  Pichinde  Virus  infection,  and  can  be  tracked  on  line. 


Figure  2 


CONTROL  GP13  HISTOGRAM  FOR  PS 
MEAN  PS  =  3.21  ±  .29  SEM 
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Figure  6 


Permeability  Coef 


Permeability  Coefficient  x  10 


Permeability  Coefficient  x  10 
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Figure  10 


DIAGNOSTIC  P/D0  ±  SEM  PLOTS  FOR 

o  ENDO.  NO  RESTRICTED  DIFFUSION  n=14 
•  ENDO.  RESTRICTED  DIFFUSION  n=ll 
A  EPITH.  NO  RESTRICTED  DIFFUSION  n=3 


Figure  11 


CELL  PERMEABILITIES  ±  SEM  FOR 

O  ENDO.  NO  RESTRICTED  DIFFUSION  n=14 
•  ENDO.  RESTRICTED  DIFFUSION  n=ll 
A  EPITH.  NO  RESTRICTED  DIFFUSION  n=3 
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Figure  13 
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Figure  15 


MEAN  ETHANE  PRODUCTION  RATE 


CIRCULATION  EXSANGUINATED 
INTACT 


PERCENT  CHANGE 
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Figure  16 


PERCENT  CHANGE  IN  ETHANE  PRODUCTION 
DUE  TO  02  IN  CONTROL  AND  EXSANGUINATED  RATS 
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Figure  17 

ETHANE  PRODUCTION 

CHANGE  (HFA  TO  02) 


CONTROL  PEG  ALONE  PEG-SOD/CAT 
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Figure  22 
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Figure  25 
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